





, — 
+ 


eo eI — 


Entered at the Post Office of New York. N. 





; a! 
Y., as Second Class Matter. pigan. 
Published weekly by Munn & Co., Inc., at 361 Broadway, New York. 





PLEME 








Charies Allen Munn, President. 361 Broadway, New York 
Frederick Converse Beach, Sec’y and Treas., 361 Broadway, New York. 








Copyright, 1911. by Munn & Co., Inc. 
Scientific American, established 1845. 
Scientific American Supplement, Vol. 


LXXIL., No. 1877. 


t NEW YORK, DECEMBER 23, 1911. 


{Scientific American Supplement $5 a year. 
) Scientific American and Supplement, $7 a year. 








The Cannon Falls Hydro-Electric Development 


Ultimate Capacity of Three Thousand Horsepower 


Designed for An 


page show 
Power Com- 


on this 


States 


wie illustrations 
the concrete dam of Northern 
pany under construction and the concrete power house 
completed. This development is located on the Can- 
non River two miles west of the town of Cannon Falls, 
Minnesota. The dam is of concrete construction and 
rests upon a solid rock foundation. It 983 
feet in length with concrete buttress construction 773 
feet long. The length of the spillway is 430 feet 
the width of base including apron, 90 feet. The spill- 
way crest has an elevation of 151.5 feet, the tail water 
being 96 feet and the flashboards 154 feet, while the 
flow line is 155 feet 

The maximum 
ordinary operating 
minimum 


accompanying 
the 


measures 


and 


and the 
units are de- 
thus allowing 


head is 59 feet 
feet The 


of 45 feet, 


hydraulic 
head 58 


signed for a head 


are four 
with the 


a 13-foot draw down of the reservoir. There 
7x5 sluice gates, which, in conjunction 
spillway, will care for a flood discharge of 15,000 sec- 
ond feet. About three quarters of a mile west of the 
dam is a dike 2,000 feet long with a maximum height 
of 16 feet. It is built of earth embankment riprapped 
on the reservoir side and sealed with a concrete core 
wall The storage water reservoir contains approxi- 
mately 2,010 acres, which, with a 10-foot draw down 
are estimated to provide 60 days’ storage. The power 
house, constituting part of the dam, is 92 feet long, 
38 feet wide and 29 feet from floor to ceiling. Water 
wheels are arranged to discharge into a tailrace which 
is part of the river channel. 
In the power there 
stalled, each being a horizontal 


two main units in 


double spiral 


house are 


case 


central discharge water wheel, with a capacity of 750 
horse-power and operating at 300 revolutions per min- 
is direct connected to a 550-kilowatt, 


2 300-volt 


ute. Each wheel 
60-cycle, 3-phasé, 
flywheel mounted between generator and water 
Each generator direct 14-kilowatt 
exciter 

A separately 


generator, with a six-ton 
wheel 
has a connected 
of a 
water 


init consisting 
60-horse-power 
125-volt ex- 
While 
are in- 
installation 


driven exciter 


horizontal double discharge 


wheel is direct connected to a 35-kilowatt, 


citer, operating at 600 revolutions per minute 


wheel units 
for the 


additional ex 


two main water 


been 


at present only 
stalled, 


of two 


provision has made 


additional main units and one 
The present capacity is 1,500 horse-power, 


is 3,000 horse-power 


citer unit 


while the ultimate capacity 

















The Concrete Dam in Construction. 











The Concrete Power House Completed. 
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The construction of this dam required 17,000 cubic 


yards of earth excavation, 21,500 cubic yards of rocl 
excavation, and 16,400 cubic yards of reinforced con 
crete, While in the dike there are 4,000 cubic yards of 
earth embankment, 750 cubic yards of concrete, and 
300 cubic yards of excavation for the core wall 


A transmissior ne runs between the city of Man- 


kato and the Blue Earth River dam, a distance of ten 
and one-half mile ind anothe ine has been erected 
from ie Cant Falls dan o the i of Faribault 
1 dista i ind one i ‘ These trat 
nil t i \ p i ia UU rit it ih 
jlato und I lation have en designed » that 
operation cal b had i 60,000 Voits Vilthout any 
charge excep the connection of transtormers Lhe 
insulators are placed o tha \ é are located with 
SIxX-looL cente ind are mounted on a special typ 
teel 0 rm, nown a th Byllesby wishbone 
irl \ ground \ ‘ i | ] illed above the 
al ion Wil On lows SS-arn i telephone 
i | i na b> ( Tt ) 
ou and all 
5 tantia I I n K itl { ) ories 1n 
heig ive | I 1 Ma Faribau and 
Northfield h quipme msisting o n 
il e tran I ige from the 
mission l ibution it 
‘ ion ha pparatus at the 
po ind ) d ith the 
latest t oil l i t i I Lo 
‘ vith l 0 ( n ntro 0 
distributing reui rhe y is been planned 
and ib-station | gned so that he ransmission 


lines may be extended from the sub-stations at Fari- 
bault to the substation at Mankato, thus connecting 
the two developments. 

Faribault has an estimated population of 9,000, and 
is the capital of Rice County, Minnesota. It lies south 
of St. Paul, between the cities of Mankato and North- 
field, in the richest agricultural section of the 
State 

Three large institutions, those for the deaf, blind 
and feeble-minded, are located hers The city is the 
home of Shattuck Military Academy, St. James School, 
St. Marys Hall, Seabury Divinity School, and Beth- 
lehem Academy 

rhe city in 1910 made a ten-year contract with the 
Consumers Power Company for an ornamental street 
lighting system in the business district. This has 
been installed and is now in operation, making Fari- 
bault one of the best lighted cities in the State. The 


ntire electric light and gas business of Faribault is 
onducted by the Faribault Division of the Consumers 
Power Company Formerly two central station com- 


panies existed, one of them having the gas business as 
well 

It may be stated that both electric properties were 
purchased prior to assumption of control by the pres 
ent management, February 1, 1910. The less efficient 
of the power stations has been dismantled and the 
other power station remodeled and improved. The 
electrical demands of Faribault are now supplied from 
he hydroelectric development near Cannon Falls, but 
it will be necessary to maintain a steam auxiliary sta 
tion and the remodeled plant will serve this purpose. 
A high tension sub-station has been erected. Last year 
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the electric station had a total connected load of 13s 
kilowatts, 337 kilowatts of which represented the 
power load. There were 1,067 electric consumers and 
27.1 miles of rehabilitated pole line. Eighty-seven mu 
nicipal are lamps, 162 municipal incandescent lamps, 
and 106 ornamental curb lighting standards were 
served. 

The steam electric generating station at Mankato 
was outgrown some years ago. For this and other 
reasons the electrical development of the city is not 
nearly as large as it should be. The present station 
has an installed capacity of 1,100 kilowatts. At the 
present time on account of the completion of the 
hydro-electric project at Rapidian Mills, an adequate 
supply of electricity for the Blue Earth River is now 
at hand. The steam plant, at which a large high ten- 
sion sub-station has been erected is now maintained 
as an auxiliary station to be held as a reserve. Service 
from the Blue Earth water power plant was available 
about May Ist, 1911. 

It is claimed that despite adverse conditions, new 
business efforts during the summer and early fall in 
creased the electrical business approximately 20 per 
cent Municipal street lighting is done under favor- 
able contract with the city. Negotiations are in prog 
ress looking toward the installation of an ornamental 
street lighting system in the business district and 
the pumping of the municipal water supply by the 
Consumers’ Power Company. It is maintained that 
there is room for 1,500 horse-power electric power con 
sumption, and it is expected that during the next few 
months the consumption of electric energy at Mankato 
will be doubled. 


The Psychology of Light—II. 


Kknough b een said to make it clear that the 
relation belween color t e and wave ngth is noth- 
ing i and he iry the relation 

i Liit i irily ollplicated, and to give 
( interpretation Ol his compiexily 15 
tl p of physiolog vith its color theories 
betwee! the physical lguat and tle ystem of color 
ul I ‘ ‘ and ially the re 

ha, a ‘ and ming rgan and some- 
thing in inne! yt tral rwmation must, prob 
ably, be t " f the in cate relations belween 
the physical llus On the one ide and the color 
sensation on the other Without attempting to dis- 
cuss th nerits of the several rival theories of color 
vision, no one of which, probably, is fully adequate, 
the theory which commands most idherence from 
psychologists at the present day may Dé considered; 
that is, the theory put forward by Hering No at- 
tempt is made re to follow Hering in all details, 
nor to keep hi leas distinct from those of other 
contributors to the theory. 

In the first place, the mechanism py which the 
retina transforms light into nervous impulses is, in 


all probability, either chemical or electrical or, most 
likely, electrochemica rhe photic stimulus, imping 
ing on the rods and cones of the retina, must arouse 


in them some ovement of molecules or atoms, some 


migration of ions, some rotation of electrons; and 
this movement must in turn start the somewhat 
similar movement in the nerves which is propaga- 
ted to the brain Apparently there must be present 
in the retina some substances sensitive to light, such 
that minute motions are generated in them by the 
ethereal vibrations. Whatever the exact nature of 


this electrochemical motion may be, it must appar- 
ently be conceived as reversible. The electrons must 
be capable of rotating in two opposite directions, or 
the ions of migrating to and fro between two com- 
pounds, or the molecules of disintegration and redisin- 
tegration similar to what is observed in the action 
ot certain enzymes. The need for some such assump- 
tion is partly to account for the recovery of the 
retina after activity, partly to account for the posi- 
tive character of the sensation of black, and partly 
to explain the opposition between certain rays and 
certain other rays in their action on vision. 

Black is not, psychologically, a mere absence or 
negation, but is as positive as any other visuai sen- 
sation. A mere absence of visual sensation is not 
black, but—simply nothing at all, as for example, 
the impression derived from a ray which falls on the 
blind spot or outside of the limits of the field of 
view. Moreover, black, or at least dark, is as essen- 


* Reprinted from the Transactions of the Illuminating Engineer- 
ing Society. 


The Subjective Aspect of Optics 


By Prof. R. S. Woodworth 


Continued from Supplement No. 1876, page 387 


ial as light for the uses of vision. All in all, it 
seems reasonable to conceive of the process set up 
by light in the retina as reversible, and such that 
after light, an absence of light will act, as a stimulus 
to the opposite motion to that generated by the light. 
Such a conception is by no means absurd, since it 
is poss.ble to produce a photographic film which shall 
be insensitive, i.e., remain in equilibrium, under light 
ot a certain intensity, while it undergoes a change 
when the light is either raised or lowered in inten- 
sity from this level. For example, metallic silver in 
au solution of copper bromide tends to take the brom- 
ine from the copper and make silver bromide. On 
the other hand, the action of light is to drive the 
bromine off from the silver and leave this in the 
metallic state. With a certain intensity of light, 
equilibrium is established between the tendency of 
the bromine to move to and away from the silver; 
but if now the light is increased, the equilibrium is 
disturbed and more bromine leaves the silver, where- 
as if the light is diminished, the equilibrium is again 
disturbed and more bromine passes from the cop- 
per to the silver. Electric currents are liberated by 
each of these opposed movements of the bromine 
icns.' 


Something like this represents the minimum re- 
quirement for a light receiving organ—some sub- 
stance or mixture of substances in which light sets 
up motion in one direction, while the inner tenden- 
cies of the mixture give rise to a movement in the 
opposite direction on the cessation of the light. Bio- 
lcgically, it seems reasonable to suppose that the 
retina has undergone an evolution such that, in its 
most primitive state, it provided for only one pair 
of opposed motions Its photochemical substance 
must have been similarly though not equally sensi- 
tive to light of quite a range of wave-length, cor- 
responding somewhat to the limits of the visible 
spectrum This would then be a _ one-dimensional 
sense, providing sensations of light and dark in sev- 
eral degrees. The rod sense seems to remain still 
at this stage of evolution. It seems to have only one 
reaction to light, irrespective of the wave-length, and 
one opposed reaction to the cessation of light. The 
outer zone of the retina, mostly unprovided as it is 
with cones, remains essentially in this stage of evolu- 
tion. 

The intermediate zone of the retina apparently 
represents a second stage in the evolution of the 
visual sense; and the same may reasonably be con- 
jectured regarding red-green blind individuals, since 
their eyes show no signs of any pathological condi- 
tion Color-blindness is not a disease, but is an 





' See Liesegang, “Schwarz ajs Empfindung,” Zeitschr. f. Sinnes 
physiologic, 1910, 45, 69-70. 


innate condition, and may represent something like 
arrested development or a remaining of the retina at 
the same earlier stage of evolution as is found al- 
ways in the intermediate zone. The characteristic 
of this dichromatic vision is that, in addition to being 
sensitive to iight and dark, it is also differentially 
sensitive to light of long and of short wave-length. 
lt reacts to long waves by giving rise to the sensation 
oi: yellow, and to short rays by giving rise to the 
sensation of blue. It is probable that the retina, in 
this stage of development, contains, in addition to 
the substance which gives opposite motions to light 
aud dark, some other substance or mixture or condi- 
tion in which a motion in one direction is generated 
by the long waves and the opposed motion by the 
short waves. Photochemistry can afford analogies 
for such a condition. The motion generated by the 
long waves is not generated with equal ease by all 
of them, but most readily, it is probable, by waves 
having a length of about 570, and less and less by 
waves differing more and more from this length on 
either side. In other words, the photochemical sub- 
stance in question is attuned to waves of one length, 
but responds also to waves not differing too much 
from this optimum. Similarly, the opposite motion 
in this substance is best generated by light of about 
470, but in a less degree by other waves shorter than 
about 500. Accordingly, if one excites a dichromatic 
eye by light from different regions of the spectrum, 
beginning with the red end, he shall obtain, first, a 
very dull yellow, then more and more yellow till the 
maximum is passed, then less and less yellow till th 
neutral point at about 500 is reached, then a faint 
blue increasing to a maximum and decreasing again 
towards the violet end. 

But along with this yellow-blue sense, dichromati 
vision possesses also the light-dark sense, which r* 
sponds to all rays within the visible spectrum by 
a sensation of light, having also a maximum not 
from the maximum of the yellow effect, and shading 
off towards both ends of the spectrum. The total 
effect on the dichromatic eye from stimulation with 
any wave-length will therefore be a compound o! 
the light-dark effect with the yellow-blue effect. At 
the neutral or boundary point of the yellow-blue ! 
action, the yellow-blue process being in equlibrium, 
only the light effect results. Again if yellow and 
blue rays act together, they neutralize each other so 
far as concerns the yellow-blue process, and leave 
only the effect of light of a certain brightness. 
if any combination of long and short waves is so pro 
portioned that the yellow tendency balances the blue 
tendency, only the light effect remains. If the long 
wages overbalance the short in any mixture, tie 
effect is yellowish; if the short waves preponderate, 
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the effect is bluish. The saturation of any yellow o1 
blue depends on the relation between the light-dark 
apd the yellow or blue effects, and is greater in pro- 
portion as the light is homogeneous and in propor- 
tion as it is concentrated about one of the two wave- 


leugths to which the yellow and blue processes are 
most responsive. Saturation is, therefore, from the 
point of view of retinal action, an incidental affair, 


and not worthy to be regarded as a dimension or in- 
dependent variable. Yet dichromatic vision is, physi- 
ologically as well as psychologically, two-dimensional, 
tl two independent variables being the light-dark 
cess and the yellow-blue process. 
vision is simpler and 
od than normal or polychromatic vision. It is 
ural to suppose that the latter is equal to the 
rmer plus some additional process, i. e., that, in the 
uurse of evolution, some new photochemical sub- 
stance or mixture has arisen which is differentiy sen- 
either the light-dark substance or the 
substance. Theories d‘ffer widely as to 
of the addition which must be made to 
vision to produce polychromatic vision 
words, as to the nature of the subtraction 
from the normal to reduce 
condition. The 
important in 
blue lights 


Dichromatic better under- 


sitized from 
yellow-blue 
the nature 
dichromatic 
or in other 
which must be 
it to the 
sideration, however, seems to be 
connection. Since and 
plementary both to the normal and to the color blind 
eye, and since, in general, the wave- 
lengths are complementary to 
that what is added to 
polychromatic vision must itself partake of the nature 


made 
blind 


eye 


color following con- 
this 
com- 


yellow are 


same pairs of 
both 
dichromatic to 


sorts of eyes, it 


follows make 


of a complementary, or must consist of two opposed 
processes of the same general nature as the yellow- 


blue pair. 


Otherwise, two colors which are complementary 
to the color-blind eye would not be so to the 
normal eye. Or, to put it otherwise, no single 
color added to a complementary pair like yellow and 
blue would give rise to the color circle, but only to 
half of the colors in it; and no single color added 
to yellow and blue would give white, since yellow 


and blue by themselves combine to give white, and 
the third color would be left over and give its tinge 
to the mixture. What is added must be of such a 
character that the yellow-blue mixture plus the new 
addition shall give the same effect as the yellow-blue 
mixture alone, namely, white light, since all the 
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colors mixed 


give 
new 


together white It is probable, 
that the development which gives 
rise to polychromatic vision is polarized as the light- 
dark and yellow-blue processes are polarized. In 
other words, one should surmise that some new photo- 
chemical substance has arisen in the central region 
or the fully developed retina—some substance admit- 
motions, and so attuned as to 
give one of these motions under the action of a cer- 
tain wave-length, and the opposite motion under the 
operation of some other wave-length; 


accordingly, 


ting of two opposite 


and the colors 
corresponding to these wave-lengths should be com- 


plementary. 


The problem would then be to ascertain the 
wave-length to which each of these opposed re- 
actions is most closely attuned. There are indica- 


tions, but not conclusive ones, that one of these wave- 
lengths Lies in the neighborhood of 500, namely, in 
the green or bluish green. But, if so, no one wave- 
length can be assigned as the optimum for the 
posed or complementary reaction, since the green has 
no complementary within the spectrum. The pur- 
plish red, complementary to the green, lies in the 
non-spectral portion of the color circle, and is pro- 
duced the combination of and _ short 
would that the 
process is attuned to no one single wave-length, 
but to a certain mixture of long and short waves. 

This is a condition of affairs that tempts one 
especially in view of the fact that 
the longest waves in the visible spectrum are nearly 
but not quite twice the length of the shortest. The 
vis:ble has, in fact, often been likened to 
incomplete octave. One is thus reminded 
of the overtones in sound, and is led to suspect that 
a photochemical substance attuned to waves at one 
end of the spectrum would also be sensitive to waves 
of nearly twice the vibration rate at the other end. 
It might thus be really the fact that, under the con- 
ditions of absorption obta’ning in the media of the 
eyeball, etc., no one ray of light would so effectively 
excite the red process as a mixture of long and short 
Besides, to obtain the real effect in its pur'!- 
ty, one would need to choose a stimulus which should 
effect on the yellow-blue substance, 
the red would be tinged with a propor- 
tion of yellow or of blue. Now, as the yellow process 
is excited by all rays up to the red end. and the blue 
process by all rays down to the violet end, the pure 


op- 


only by long 


wave-lengths It seem, accordingly, 


red 


to speculation, 


spectrum 
a slightly 


waves 


e've a balanced 


as otherwise 


New Method of Testing 


series of articles recently contributed to Le 


Civil, 
numerous experiments 


IN a 


Genie Monsieur C. Fremont describes in some 


detail made to ascertain the 
characteristics of the types of steel which are liable 
te produce rail breakages, and develops a proposal for 
a new and simple method of testing rails, which, we 
the French 
railway companies, and already excellent results are 
being obtained. In a communication published in the 
“Bulletin de la Société d’Encouragement pour I'Indus- 
Nationale” on “Résistance Matériaux,” 
mont pointed out, and, it can be added, proved that 
mild steel of good quality which had been exposed to 


a particular detrimental treatment could pass satisfac- 


understand, is now being investigated by 


trie des Fre- 


torily the usual tensile tests in respect of strength and 
ductility, but was, notwithstanding, so brittle or fragile 
that it would break under the effect of a single blow. 

In order to discover whether a sample of mild steel 
has this dangerous characteristic, he devised the well- 
known one-blow method of impact testing with small 
specimens (a method which much 
versy), and he employed both plain and nicked speci- 


has led to contro- 


mens. In making the rail tests under consideration, 
however, he only used plain specimens, that is to say, 
they were not nicked, because he found that with steel 
suitable for rails nicked specimens always gave a low 
figure, and it is therefore impossible to dis- 
criminate between brittle and non-brittle 
whereas when plain specimens are used the difference 
in the impact figure is very marked. The one-blow 
impact test is so well known that we need not refer 


impact 
qualities, 


to it any further, except to state that Fremont’s stan- 
dard specimens are 8 millimeters deep, 10 miliimeters 
broad, and 30 millimeters long, and for test are placed 
on knife edges 21 millimeters apart, and are tested by 
impact bending by one blow from a tup 10 kilometers 
in weight and falling 4 meters, so that the 
is 40 kilogramme-meters, or 290 foot-pounds. 


striking 
energy 


Tough steel merely bends and shows little or no sign 
of crack; brittle specimens do not bend but crack right 





*The Engineer. - 
1 Sept. 1901, p. 365. 


A Simple Impact Trial 


across. A test piece is deemed to be dangerously brit- 
tle if the breaking it 
kilogramme-meters, or 145 foot-pounds. 


energy absorbed in is only 20 


less, say 

In applying this method of research the rail sections 
under investigation were cut up into 41 test pieces, as 
indicated in Fig. 1; and broadly, the result of tests 
with a large number of rails of all descriptions, shows 
that in brittle rails the test pieces in the interior of 
the head and those in the web—that is, specimens 6 to 
18 and 26 in Fig. 1—have an impact figure less 
than 20 kilogramme-meters; the test 


pieces, except in very inferior rails, give a good impact 


20 to 


and remaining 


figure. It is obvious that the cost and delay of cut- 
ting up a rail section into so many smal] test pieces 


therefore Fremont has 


and 


would be impracticable; 








Fig. 1—System of numbering impact pieces. 


devised a simple impact test based on these results, and 
which can be carried out with a short length of rail 
of the full section after removing at the center of the 
length the top portion of the head, namely, test pieces 
1 to 4. (A photograph of a length of rail so prepared 
is reproduced in Fig. 19.) He has also designed an 
apparatus for carrying out this test, of which he gives 
particulars, and to which we will refer more fully 
later. 

The importance of the subject can be realized from 
the fact that in recent years rail breakages in France 
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red effect could be got neither from the long waves 
nor from the short waves alone, but only by neu- 
tralizing the yellow effect of the long rays by the 
biue effect of the short. However, as these consid- 
erations are both complicated and speculative, it is 
wise to admit that the probable physiology of poly- 
chromatic vision is still undecided. Enough has cer- 
tainly been said to justify the thesis that the corres- 
pondence between color tone and wave-length is far 
from presenting that simple character which would 
be suggested by the rudimentary statement that color 
depends on the wave-length. 

The similar statement that brightness depends on 
the energy of the physical stimulus is also true only 
with very serious qualifications. To mention first 
one or two minor points, brightness depends on the 
spatial extent of the stimulus and on its duration. 
Either extent or duration can to a certain degree 
take the place of intensity of light. A very small 
surface intensely illuminated may appear less bright 
than a larger surface under somewhat weaker illumi- 


nation. A weaker light acting on the eye for a 
twentieth of a second may appear brighter than a 
stronger light acting for a hundredth of a second. 


A light must act for a certain time in order to de- 
velop the full brightness to which it can give rise. 
This time for which it act is called its “action 
time,” and is, to be short, ranging from 
one-fifth of a second when the light is so weak as to 
perceptible down to a thirtieth when the 
light is very intense.’ 

The apparent intensity of a light which acts for 
less than its action time is proportional to the time 
for which it acts; and this rule applies to inter- 
mittent light such as that reflected from a color 
wheel or such as that of an are in an alternating 
current. Here one has, physically, light for a short 
time followed by darkness for a short time, the two 
alternating rapidly. If the light lasts for half of the 
total time, the apparent intensity is half of what it 
would be were the light physically continuous; and, 
in general, the apparent intensity of the light is the 
same fraction of its full possible brightness that the 
phase of light is of the whole period. This relation 
between brightness and duration is familiar under 
the name of Talbot’s law. 


must 
sure, very 


be barely 


(To be continued.) 


' McDougall, British Journal of Psychology, 1904, 1, 151. 


Rails’ 


have been as frequent as 1 in 2,000 of the rails in serv- 
ice; in Germany it is as much as 1 in 1,150 rails. In 
the United States of America breakages had become so 
that the matter amounted to a scandal, and 
the trouble was ascribed, in an article published by 
the Association of the International Railway Con- 
gress in December, 1907, to the action of a ring of steel 
makers. It is stated in this article that “there is no 
individual, or combination of individuals, which knows 
better how to make good rails than does the United 
States Steel Corporation with its splendid army of ex- 
perts. Nevertheless, it knowingly makes rails which 
break and kill people. The top of ingots are not 
cropped off below the point where high phosphorus and 
impurities are found.” This article contains informa- 
tion of much importance in this connection, and there 
letters from engineers and managers point- 


frequent 


are 
ing out the great increase in rail breakages, and stat- 
ing that There are also 
many photographs showing brittle rails. To this accu- 
sation the makers replied that the increased 
breakages were due to the increased traffic, and sug- 
gested the adoption of a heavier rail, namely, as much 
as 150 pounds per yard. Fremont states that in France 
similar occurrences have been noted, and that whereas 
in the case of derailment, the rails have been bent and 
twisted like a corkscrew, without breaking, yet rails 
that have broken in service never show any deforma- 
tion at the fracture. 

Fremont contends that the etching test sometimes 
prescribed is not satisfactory, and, as example, he gives 
reproductions of two etched macrograph sections, viz., 
Figs. 2 and 3, of which, although the latter appears 
worse than the former, the rail only broke after some 
service, whereas the other broke while being laid. It 
will be observed, however, that in Fig. 3 the outside 
metal appears satisfactory, and it is no doubt owing 
to its resistance that the rail withstood some service. 
On the other hand, macrograph sections of other rails 
showed no stains and yet were proved to be fragile by 
the new method of testing about to be described. 

Fremont began his inquiries into the resistance of 


many 
inferior rails are the cause. 


steel 
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Fig. 2.—Rail 1 Fig. 3 Rail T Fig. 4.—Rail T;. 
rails in IS97 and made a communication on the sub was low The test pieces were reassembled in theil a typical rail of this nature in which low impact fig 
ject to the International Congress on the Methods of proper positions in the rail section and tnhen plho.o- ures are obtained at the center of the head and in the 
resting Materials of Construction in 1990, and again graphed; the result is given in Figs. 8 and % for rails web, and good impact figures at the foot The ordi 
in 1903 to the Académie des Sciences No practical T, and 7, and is most striking, and no doubt can be nary tup test in France generally prescribes that the 
result followed, however, probably because the number left as to the cause of the brittleness of rail 7 foot of the rail shall be underneath; that is to say, is 
of rail breakages was then inconsiderabl He thinks Fremont discriminates between two kinds of brittle- put into tension on receiving the blow. It is obvious 4 
lat to-day he situation has changed, and that the ness in the first case, the material is originally tough that a rail cf the nature of that shown in Fig. 3 will, 
numero failures of rails, and the disasters to which and the brittleness dces not become apparent until under these circumstances, pass the test satisfactorily 
ome of them have led, wi induce the authcrities after several years of use, due, it would appear, to the owing te the tough material in the foot and at the 
eriously to consider the matt iardening effect of the pressure caused by the wheels, cutside portion of the head. If, however, a certain 
Subsequently Fremont took three rails, one (marked producing minute cracks at right angles to the length portion of the depth of the head be removed, the brit- 
T,) which was so brittle that it broke while laying, of the rail These cracks, being external, are easily tle portion is exposed, and if, further, in making the \ 
inother (marked 7.) which broke after a short period detected, and no serious danger should result from top test this brittle portion is placed underneath so as ‘ 
of rvic ind the third (marked 7.) a normal rail of them; they are probably due to the material of the to be put into tension on receiving the blow—that is ' 
average good quality Macrograph sections were taker rail being originally too soft. Fremont gives examples to say, if the position of the rail were reversed as com- 
of each rail (Fig , 3 and 4) and 41 impact test of these rails—see Figs. 10 and 11. In the second case, pared with the present generally prescribed test in 
ieee vere prepared in accordance with the scheme the material of which the rail is made is initially France and elsewhere—it would be fractured with one, 
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Fig. 5.—Rail 1 Fig. 6.—Rail T Fig. 7.—Rail T 
given (Fig. 1) and after the impact test, one end of brittle, and, according to the amount of this brittle or at most two, blows if it were brittle internall) 
each specimen was sheared, from which the ultimate material in the rail section, the rail will break, either This modification in the usual tup test constitutes 
nsile strength wa deduced from the empirical after some service, or even during transport or laying Fremont’s proposed new test, and it has the advantage 
formula For example, in a rail like 7, vibration and shock that it can be carried out with short pieces of rail, say, 
Cc 7.5 will produce internal cracks which take their origin IS inches to 19 inches long 
T kilogrammes per square millimeter, in the area of segregation and gradually extend from A series of trials was made to ascertain how much of 
0.34 one grain of impurity to another Fremont gives the head of the rail should be removed, and it was 
which Fremont had obtained from previous experi some interesting micrograph sections of such cracks as found that the depth of the cut should not be less than 
ments rhe results of these tests are given in Figs shown in Figs. 12 and 13. Such internal cracks are’ of the flywheel type, and its construction will be clear 
6, and 7, and it will be noticed, as already mentioned extremely dangerous, as they cannot be seen, and two lengths of rail—as shown in Fig. 14—and cut out a 
that the specimens in the center of the head and in therefore no warning is given; and it may be said that “circular nick” as indicated in the figure 
the web of brittle rails, 7, and T,, have low impact he author's investigations and the new test he pro- The machine preferred for making the impact test Is 
figures. The tensile strength was satisfactory in every soses are principally addressed to detecting rails sub- of the fly-wheel type, and its construction will be clear 
ase, but was somewhat high when the impact figure iect to this defect As already mentioned, 7., Fig. 3, is from Fig. 15 
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Figs. 8 and 9.—Test Specimens From Rails T, and T, Arranged in Order. 
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gramme-meters (10,800 foot-pounds) approximately. 

Rails from various sources were tried by this new 
method, and particulars of several are given. In each 
case the macrograph section was obtained; impact 
tests on small section were made in the manner previ- 
ously referred to, and the results were compared with 
the new method. Full particulars, together with re- 
productions of the macrographs, etc., of eighteen of 
these rails are given, out of which Figs. 16 to 22 have 
been picked out as typical examples. 

The first four figures refer to brittle rails, and the 
last three to satisfactory rails of a tough description. 
In each figure the top view shows the short length of 
rail either fractured or bent as a result of the test. 
The next is a reproduction of the macrograph sec- 























The piece of the rail is placed horizontally on the 


platform (4), supported by 


be released by means of a trigger 
up the platform with the rail on it at any moment de- 
sired, so as to be hit by the projection (2) on the fly- 


wheel. The energy in the 


Fig. 10.—Rail Showing External Cracks. 


springs 


fly-wheel is 


Fig. 12.—Internal Cracks Magnified. 


tion, and the remainder of the figure gives the impact 
figure for each of the small impact test pieces numbered 
1 to 21 cut out of the rail section in accordance with 
the numbering of the specimens indicated in Fig. 1 
The dotted line shows the 20-kilogramme meter limit, 
and it will be noticed that in the case of the brittle 


(5), which can 
), and so shoot 


1,500 kilo- 

















Fig. 16.—Brittle Rail Showing 
Considerable Stain. 


STATA 


, ? s 0? 9 UBM WI 





Fig. 18.—Brittle Rail Showing 
Moderate Stain. 





Fig. 15.—Impact Testing Machine 





Fig. 13.—Internal Cracks Magnified. 
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A Mig. 17.—Brittle Rail Showing 


Very Little Stain. 
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Tough Rail Showing 
Moderate Stain. 


Fig. 19.—Brittle Rail Showing Fig. 20. 


Very Little Stain. 


Fig. 21.—Tough Rail Showing 
Considerable Stain. 
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Polished. Etched. 
Fig. 11.—External Cracks Magnified 


rails, i e., those that broke without deformation at 
the first blow, many, and in one case, all the impact 
figures are below the limit. 


An examination of these figures shows that there is 
































Fig. 14.—‘Circular Nick’ in Clamped Rails. 

no co-ordination between the macrograph section and 
the brittleness or toughness of the rails. Thus in Fig 
16 the macrograph considerable, and 
stantially the same as that of Fig. 21, yet the first rail 
was brittle, whereas the second was tough. Again, 
in Figs. 18 and 20 the stains are moderate, and the 
first rail was brittle, and the second tough. Fig. 22 
shows very little stain, and the rail was tough, but 
about the same amount of stain is shown in Figs. 17 
and 19, and yet both these rails were brittle. It will 
be seen that if the macrograph test were alone relied 


stain is sub- 


upon, then rail 21, and possibly 20, would have been 
condemned, whereas they ought to have been passed, 
and rails 17 and 19 would have been passed, whereas 
they ought to have been condemned 

So far as the tests referred to are concerned, the 
new method appears to discriminate satisfactorily be- 
tween sound and unsound rails. To establish this 
method as a standard method will require undoubtedly 
further independent research, but the work already 
done by Fremont is amply sufficient to show that pres- 
ent methods are—to put it mildly—not always reliable 
and that the new method merits further close study 
with a view to its adoption. 


ee ere 9 0 a oe Se ae 
Fig. 22.—Tough Rail Showing 
Very Little Stain. 





Most published data in connection with metal-cutting 
experiments have related chiefly to the behavior of the 
tool steel, the material operated on having been main- 
tained, as far as possible, constant in its properties, the 
idea in most cases having been to obtain knowledge of 
the cutting qualities of the tool. So far as is known to 
the writer, there is a dearth of accurate information deal- 
ing with the effect of variations in the material being cut 
on the power required to cut it 

In connection with hitherto published tests, the par- 
ticulars of the materials being cut have, in the writer's 
opinion, been insufficient, e.g., in some cases the analysis 
and physical tests have been given, but not on a progres- 
sive series of samples all being cut under the same condi- 
tions, and it is therefore felt that there is some need for 
data dealing with the relation between the quality of the 
steel cut and the power required to cut it, meaning by 
quality something more than analysis and strength 

Without such data, it might be reasoned that because 
one steel contains more carbon or more manganese than 
another, or because it is stronger it must therefore be 
more difficult to cut, and must consume more power in 
being cut. The figures that follow will show that any 
reasoning based on such assumptions will, in many cases, 
lead to totally wrong conclusions 

In cases where particulars of cutting tests have been 


given, the analysis only of the stee! has been recorded, 
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The Power Required to Cut Steel’ 


The Influence of Chemical Composition and Previous History 


By P. V. Vernon 


brated by the makers for all loads and speeds, so that 
the actual brake horse-power at the pulley could be 
read off a chart from the speed and ammeter readings 
The amperes required to run the lathe light were, how- 
ever, first deducted so as to enable all sources of fric- 
tional loss to be as far as possible eliminated. The 
lathe was actually run at the same speed and feed for 
all the cuts taken the idea at the root of the experi- 
ments being that the steel itself and the power required 
to cut it should be the only variables 

Six kinds of steel in all were tested, each being tried 
under different conditions of temper, fifteen actual tests 
The steel was dealt with in the rolled bar, 
Steels below 0.210 


being made 
all bars being 2 inches in diameter. 
earbon were tested in two conditions, viz., as received 
from the makers, and after annealing. Steels above 0.210 
carbon were tested in three eonditions: (1) as received 
from the makers, (2) after annealing, and (3) heat treated. 
The actual conditions of annealing and heat treating 
were the same as would be used by Alfred Herbert 
Limited, when preparing the steel for manufacture into 
parts of their various machines. The fifteen bars on 
which the cuts were taken were each analyzed, tested on 
the tensile machine, and also for hardness by the Brinell 
ball test. 

The speed at which the tests were made was naturally 


not the maximum that could be taken, as it had to be 


Power Required to Cut Steel 








22-00 | 23-33 | 62-17 | 148 | 3-000| 61-87 


Analysis. | Physical tests. 
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English bright drawn l As received -21 -075 | -670 | -038 | .033 | 31 -32 | 31-00 | 20-90 | 61-52 158 2-375 48-98 
2| Annealed | -20 75 | -670 | -038 | -033 | 26-80 | 16-40 | 32-44 | 68-04 | 125 | 3-000 61-87 
aid : — oie) | sae | . 

American bright drawn | 3 As received | -14 | -038 | -580°| -096 -092 | 33-52 | 29-20 | 17-83 | 55-84 | 166 | 2-375 48-98 


4 Annealed 14 | -038 | -590 | 
-005 | -250 | 





Siemens basic 5 | As received | -08 
6 Annealed -08 | -005 | -240 
Siemens open hearth; 7 | As received “22 | +017 | -530 | . 
basic 8| Annealed -22 | -017 | -540 
9 | Heat treated| -20 | -017 -632 } 


10 | As received | -36 | -113 | -640 

ll Annealed | -48 | -056 | -542 | 

12 | Heat treated| -48 | -060 | -552 | 
| | 


Siemens- Martin acid 


160 | 840 | 


| 
Siemens-Martin acid ...| 13 | As received | -72 
. 114] Annealed | -72] -140| -839 | 
15 72 | -140 | -830 | 


| | 


Heat treated | . 


-096 | -092 | 30-24 





| 
.030 | -030 | 24.20 | 15-40 | 27-55 | 56-32 | 120 | 4.000 | 82-50 
-032 | -030 | 23-68 | 16-00 | 33-34 | 69-04 118 | 5-000 | 103-12 
} | | | | | 
041 | -053 | 28-00 | 15-60 | 30-44 | 60-40 | 136 | 4-000/ 82-50 
-044 | -053 | 32-00 | 18-00 | 27-77 | 51-73 | 149 | 6-000 | 128-75 
“O41 | -054 | 32-00 | 21-00 | 26.44 | 64-76 | 163 | 6-500 | 134-06 
| | 
-022 | -040 | 34-28 | 22-00 | 24-44 | 60-64 | 174 | 7-000 | 144-37 
-019 | -022 | 38-00 | 25-20 | 24-00 | 60-40 | 182 | 7-500 | 154-68 
019 | -021 | 41-24 | 29-00 | 18-88 | 62-84 | 194 | 6-750 | 139.22 
.025 | -039 | 52-88 | 33-00 | 14-44 |} 21-48 | 240 | 6-000 | 123-75 
025 | -039 | 41-72 | 23-60 | 22-90 | 53-92 | 193 | 6-700 | 138-18 
028 | -039 | 46-20 | 26-80 | 19-55 | 37-80 | 205 | 5-500 | 113-43 





All fractures were silky fibrous, except Nos. 13 and 14, which were fibrous in center and crystalline outside 


Cutting test consisted of reducing the bar from 2 inches to 1 inch at 204 turns per minute 


80 feet per minute on mean diameter of cut 
Feed fifty-six cuts per inch 
Metal removed 8.58 cubic inches per minut« 
Same tool used throughout and sharpened for cach cut 


and in other cases the strength only. With such incom- 
plete particulars it is almost obvious that no conclu- 
sions of any value can be drawn, as, for example, we 
know that any steel reasonably high in carbon may exist 
in all kinds of conditions from the soft state to the dead 
hard, each of these conditions considerably affecting the 
problem of cutting it. 

The experiments described below were undertaken in 
der to find out, if possible, the effect of the different 
factors producing ‘‘quality”’ in steel of the kind used for 
building machinery, on the power required to cut it in a 
lathe. Earlier experiments made in connection with tests 
f tool steel had already indicated that the amount of 


carbon in the steel gave little indication as to the power 
required to cut it. Some high carbon steels required less 
power to cut them than other steels of lower carbon, and 
it was therefore thought worth while to make a series of 
tests with steels of different compositions and strengths, 
and with different heat treatments, in order to arrive 
somewhere near to the actual facts. 

Although an orderly mind may regret that the results 
do not reveal anything in the nature of a scientific law, it 
is nevertheless thought that their publication may stimu- 
late further investigation, and may remove certain mis- 
apprehensions from the minds of machine tool users. 
After all, the absence of definite mathematical relations 
does not necessarily render experimental results valueless 

The tests were made in the experimental workshop of 
\lfred Herbert 
hexagon turret 'athe 


Limited, the machine used being a 


having a single pulley head, fitted 
with ball bearings throughout. The lathe was driven 
by a variable speed motor which was carefully cali- 


* The Engineer. 


106.8 feet per minute maximum, or 


slow enough to eut the steel which offered the greatest 
resistance to cutting, so that the output was, of course, 
only moderate, the object being to show a ratio rather 
than a gross quantity, that is to say, to show the relation 
between the various items entering into the quality of 
the steel and the power required to eut it. 

The cutting tool was a side cutting tool made of high- 
speed steel 1 inch deep by 34 inch 


wide, having top 


rake of 35 degrees and clearance angle of 7 degrees. 
The same cutter was used for all the tests, and was 
sharpened after each cut. The test consisted in turning 
down the series of 2 inch bars to 1 inch diameter at 204 
revolutions per minute with a feed of fifty-six cuts per 
inch, this giving a cutting speed of 106.8 feet per minute 
on the periphery and SO feet per minute on the mean 
diameter of the cut. The cutter was carried and 
the work was supported by the standard roller steady 
turner belonging to the lathe, careful records being kept 
of the power consumed. 

The table gives the whole of the results of the 
The bars were numbered 1 to 15, and where two 
numbers are bracketed together the bars were nominally 
identical, the difference in analysis shown in the table 
being due to the unavoidable small variations in ecom- 


tests. 


position of the bars, and those in the physical and 
cutting tests being due to the differences in the heat 
treatment given to the bars before test. An exception 
oceurs in the ease of bar No. 10, in which ease obviously 
a kind of steel different from Nos. tl and 12 was used, 


the bar evidently having accidentally crept into the 
In the last column in the table 
the mean pressures of the cut per square inch on the tool 
are given, having been calculated from the following 


formula: 


maker's consignment 
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H.P. X 33,000 
P=- 
S X a X 2240 
P =Pressure on tool in tons per square inch. 
HP =Net horse-power. 
S =Cutting speed in feet on mean diameter of 
work. 
a=Area of cut (fraction of a square inch), 
or in the present example P=HP. X 20,625 tons per 





where 


square inch. 

The pressures are only conventional, being based on 
the usual assumption that the whole of the pressurs 
bears uniformly on an area equal to the sectional area of 
the cut, whereas, as a matter of fact, the chip bears with 
a far from uniform pressure and rubs on a considerably 
larger area on the tool. The figures are, however, along 
the lines of previous published results by Nicolson and 
others, and will serve for comparison. 

The actual pressures are also rather less than those 
given, because the horse-power figures include the excess 
of friction when running under load over that when 
running light, but the differences will be very small, 
as all the bearings were ball bearings. 

A study of the physical tests will show the effect of the 
heat treatment, and on this point some remarks may be 
interesting. Samples Nos. 1 and 2 consist of bright 
drawn steel of English make. It will be noted that in 
sample No. 1, as received from the makers, the elastic 
stress and the maximum stress are almost identical, this 
being due probably to the effect of the drawing, which, 
however, must have permeated the entire bar, as the test 
pieces were cut from the center of the bar. Test No. 2 
shows that the annealing has restored the steel to a more 
normal condition. 

Nos. 3 and 4 were bright drawn steel bars of American 
make, and the same characteristics as in the case of 
Nos. 1 and 2 can be seen, although to a less degree. 

Samples Nos. 5 and 6 are very little affeeted by anneal- 
ing, the steel in question being a very soft steel used for 
unimportant details. 

Samples Nos. 7, 8, and 9 represent a steel used for 
screws, handles, and other unimportant parts. It will 
be noted that both annealing and heat treatments have 
increased both the tensile strength and the elastie stress. 

Samples Nos. 10, 11, and 12 represent a steel used 
for transmission shafts and important parts of machine 
tools. It will be noted that the effect of heat treatment 
is to increase both the maximum stress and the elastic 
stress. In both these instances the elongation is slightly 
reduced by heat treatment, but not sufficiently to be of 
importance. 

Samples Nos. 13, 14, and 15 represent a high carbon 
spindle steel, which is heat treated for the purpose of nor- 
malizing it and of enabling it to be more easily machined, 
and in this case both the annealing and heat treat - 
ment have the effect of somewhat reducing both the maxi- 
mum and elastic stresses, and naturally of increasing 
the elongation. 

Dealing with the question of hardness, it will be seen 
that in the cases of tests 1 to 6 the effect of annealing has 
been to soften the steel, the smaller Brinell numbers 
corresponding to the softer conditions. 

Tests 7 to 12 show that both annealing and heat 
treatments harden the steel, whereas tests 13, 14 and 15 
show, as would be expected from the purpose of the heat 
treatment, that the hardness is reduced. 

Coming now to the net horse-power required for the 
various cuts, it is curiously difficult to find anything in 
the nature of a law except in a very broad sense, but there 
are one or two striking facts which stand out prominently. 
The first of these is that in every case annealed stvel 
require more power to cut it than unannealed, i-e., as 
received from the makers. That is to say, that although 
in some cases annealing has increased the tensile strength, 
and in other eases it has decreased it, in all eases it has 
increased the power required to cut the steel. This fact 
was quite unanticipated before the tests. Secondly, it 
may be said in a very broad way that the power required 
increases with the carbon content, but this cannot by any 
means be taken as a rigid law, as may be seen by ‘he 
following exceptions, of which there are many. 

For example, in No. 4 test, steel having .14 per cent of 


carbon, consumed 3 horse-power, whereas in No. 1, =tcel 
with 50 per cent more carbon only required 2.375 horse- 
power. In No. 8 test, steel with 22 per cent carbon 
required 6 horse-power, whereas in No. 15 test, stee! with 


as much as 0.72 carbon only required 59 horse-pow 
Compare also Nos. 2 and 9 tests, in whieh the es :bon 

contents are identical and the tensile strengths not \ery 

different, yet the horse-powers required are 3 anc 6}9 


respectively 
It will thus be seen that neither carbon conten! nor 
tensile strength give definite basis for a law, an: the 
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ame can be said in general for all the other columns in 
table. It will have been observed, for example, that 

me of the annealed steels are softer than in the ‘“‘as 
eceived”’ condition, whereas others are harder, yet in all 
ases the annealing puts up the power. It is perhaps 
onceivable that some complicated formula might be 
evolved by which the cutting power could be determined 
from the analysis, physical tests and heat treatment; but 
with existing knowledge the only solution of the problem 


seems to be actually to cut the steel and to measure the 
power. 

The tests may be criticised in that they do not carry 
our knowledge very much further; but the writer’s 
excuse for them is that they may enable false deductions 
to be avoided in the future. The experiments, in his 
opinion, have made clear that no figures as to the cutting 
power of machine tools are of much value unless very 
much fuller particulars are given than is usual of the 
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composition and properties of the materials being cut: 

The feeling left in the writer’s mind after having 
carried out these tests is that something further is 
required in the nature of a standard test before we know 
all about the physical properties of steel under the action 
of a cutting tool, and that permanent records of the 
power required to cut standard test pieces with a stand- 
ard toolfat a standard speed and fed with a standard 
machine might have some uses. 


Developing a Small Water Power Plant 


Electric Power for the Farm and Country House 


WHILE it may be a pleasing exercise of the imagina- 
tion to picture the country as dotted over with tiny 
hydro-electric plants, and to think of the farmhouses as 
blazing forth with all the brilliance of innumerable 
electric lights, vet to the average farmer the contem- 
plation can not seem to be related to the practical work- 
ings of every day life. 

And the reason for this is not that the water power is 
not there awaiting development. Neither is it because 
the farmer can not afford the necessary expense of effect- 
ing this development. On the contrary, there are hun- 
dreds of farms in the State, probably thousands, where 
power enough could be developed to do the work year 
in and year out of two hired men, and at an expense less 
than their wages, for a single year. 

The reason is rather that the farmers generally feel 
that they lack the knowledge necessary to buy, to install 
and to operate the requisite equipment. 

If this were a necessary bar to the development of 
the water powers, there would be little point to the pub- 
lication of this bulletin. - The manufacture of hydraulic 
and of electrical machinery has reached such a degree 
of perfection that self-oiling machines can be had, whieh, 
when preperly installed, will operate for long periods at 
a time with practically no attention. The first cost of 
such plants as are here contemplated is almost the only 
cost, and the life time of the equipment should be nearly 
or quite a generation. This last statement is not intended 
to cover electric lamps of course; but the average life 
of the recently perfected tungsten lamps is about 1,000 
hours of burning, and the expense of the renewal of 
lamps would be but a fraction of the present cost of 
kerosene in the average farmhouse. 

The prime requisites for a small water power are, first, 
a stream of water of an appreciable volume, and second, 
a water fall, rapid, or gradient of appreciable amount. 
In round numbers a stream having a flow of one cubic 
foot per second will generate one theoretical horse- 
power for every ten feet of fall it has. Thus, a stream 
flowing four eubie feet a second, and having a fall of 30 
feet, could generate 12 theoretical horse-power. The 
fall may be in the nature of a water fall, with more or 
less nearly vertical drop, or a rapid with a fall of one 
foot in ten to one foot in two, or of only a few score feet 
per mile. In some cases the fall may be obtained by 
building an impounding dam at the foot or lower end of 
the fall or rapid. In other cases the fall is utilized by 
building a dam at the upper end and carrying the water 
by pipe or canal to a point below the fcot of the fall 
where the power plant is located. In the last case the 
water may be diverted at the bead of the fall or rapid, 
or at the highest point of the stream on the land in ques- 
tion and earried along the hillside in a canal with just 
sufficient grade to insure a flow to a suitable point, then 
turned into penstocks and carried down to the power 
plant or out onto an overshot wheel; or the water may be 
carried in a strong, tight pipe following down the grade 
of the stream to where it is to be used. With some 
streams only a diverting dam of small cost will be neces- 
sary; in other cases it may be necessary to build im- 
pounding dams, so that a small amount of water accumu- 
lating through the 24 hours will furnish the desired 
amount of power through a relatively few hours. Those 
questions all require judgment. The diverting dam has 
the advantage of small initial cost, but the open canal 
is liable to freeze in winter. On the other hand, there 
are many streams which, while yielding an abundance 
of power through certain months of the year are apt to 
go nearly dry at times in the summer. For such streams 
storage dams are necessary if they are to run all of the 
year. Such dams may be only large enough to store a 
sufficient supply for the day’s use, depending on accumu- 
lating enough during the 24 hours to rup their motors 
the few hours that are often necessary; or they may be 
built large enough to store water during the wet season 
of the year for use in the dry seasons. 

As a rule, it is true that the small streams are more 
subject to fluctuations than the larger streams or rivers. 
But in this State the existence of limestone and other 


* Extracted from an article on “The Utilization of Small 
Water Powers in Tennessee,"” by John A. Switzer, associate pro- 
fessor of experimental engineering, University of Tennessee, and 
George H. Ashley, Tennessee State Geologist, in the July issue of 
the Resources of Tennessee. Published by the Tennessee State 
Geological Survey. 


springs is often more important than the size of the 
stream. Thus on the sandy areas of the Cumberland 
plateau or edge of the Highland Rim the rainfall, tends 
to sink into the ground, and the surface streams, which 
may be of considerable size just after a rain or during 
a rainy season, may be entirely dry during several 
months of the year; while other streams in the limestone 
portions of the State with an equal vearly flow may 
maintain a fairly uniform flow all of the year. While 
almost no figures are at hand of the flow of the small 
streams, as a rule those through whose land the stream 
flows know from experience about what flow can be 
counted op for different seasons of the year. 

In determining the ‘run-off’ the term 
is used. It is an abbreviation for cubic foot per second, 
and is the rate of discharge of water flowing in a stream 
one foot wide, one foot deep, at the rate of one foot per 
second. It equals 7.48 United States gallons per second. 
In making calculations one second-foot falling 8.8 feet 
equals l-horse-power, and one and a third horse-power 
equals one kilowatt. To determine the horse-power on 
a wheel realizing 80 per cent of its theoretical power, the 
following formular is used: 


second-foot”’ 


Second-feet X fall in feet 

-—+—-~— —_—_———— = net horse-power. 

11 

To obtain the flow of the stream in second-feet roughly, 
select some portion that is as straight and uniform as 
possible, for say 300 feet, then measure the width: and 
depth at six or eight places from which may be obtained 
an average width and depth. This multiplied together 
will give the average cross section in square feet. Next 
drop a float on the water noting the number of seconds 
it takes to travel the given distance. From this can be 
calculated the velocity of the water in feet per second. 
Multiply this by the average cross section in square feet 
and the product will be the cubic feet per second of flow. 
As the surface velocity is somewhat greater than the 
average velocity, the result should be reduced one-fifth. 
For somewhat larger water powers, as for the supplying 
of villages, the more accurate methods of using the 
weir or current meter should be resorted to 

It is decidedly of advantage to know, if possible, the 
net horse-power obtainable at all seasons of the year 
through measurements. Suppose that it be found that 
at a certain point 20-horse-power could be obtained 
during three months of the year, 12-horse-power during 
six months, and an average of 3-horse-power during the 
remaining three months without storage. It is evident 
that a 3-horse-power plant could run throughout the 
year and if that power be sufficient for the purpose 
desired, it would be a matter of economy to put ina 
plant of that size. Experience has shown, however, that 
having the power available has led to its being used in 
ways not contemplated at first. There is also the con- 
servation factor of making the largest possible use of 
the power available. Under these circumstances it 
would be wise to consider, if it be not possible to tide 
over the three dry months, either by reducing the demand 
on the power at that time, or by increasing the power by 
water storage, or to supplement the power by the use 
of storage batteries, or a gasoline engine or both, or in 
some other way, it may then become possible to install 
a 12-horse-power plant, which, if not all needed on the 
farm, could often be used to supply adjoining farms at 
a fixed meter rate, and thus help to return the original 
cost. By the use of storage batteries for the storage of 
electricity made during the hours of small demand it 
may be possible to maintain a limited service as by the 
storing of water during hours when the demand does not 
equal the supply. In the case of a small stream that 
practically dries up in the summer, more primary motor 
must be used, such as a gasoline or kerosene engine. In 
many such eases it will be possible to return to the old 
practice for some or all of the power required during the 
dry seasons, or the putting off of the doing of unnecessary 
things until rains have made the power available again. 
Streams having only one or two square miles of drainage 
frequently dry up in the summer. The larger streams 
of Tennessee should develop from one twentieth to one- 
fourth cubie feet of water per second for every square 
mile of area they drain. 

There are various ways of developing the power of 
falling water for,practical purposes, For large streams, 








with small fall, the hydraulic ram is sometimes used. 
This is a device by which the fall of a large volume of 
water is used to raise a small volume of water to a much 
greater height. The efficiency varies with the fall and 
other factors. Thus with a 2-foot fall, the smallest that 
ean be effectively used, one thirteenth of the water can 
he elevated to a height of 20 feet Under favorable 
conditions water may be elevated to as much as 120 feet. 
When so elevated the water may be used either as a 
water supply, or as a source of power by allowing the 
elevated water to fall again and utilizing its fall. The 
old method of utilizing falling water was by water wheels. 
The undershot, overshot and breast wheels were much 
used in the early days, being easily manufactured of 
wood at home. The undershot is used where the fall is 
very small, the water being gathered into a flume, and 
the wheel arranged so that the paddles on the lower 
side of its circuit dip into the rapid current of the flume 
If the fall 


is several feet, a breast wheel may be installed in which 


and the pressure on them turns the wheel 


the flume has the form of a quarter of a circle inclosing 
the paddle for a quarter of its circuit, and in this case, 
not only the impact of the water, but its weight as well, 
help to turn the wheel. In the overshot wheel the fall is 
great enough to be carried out to the top of the wheel, 
where it flows into buckets or against inclosed paddles, 
and its weight alone turns the wheel. Another style of 
wheel of more recent origin makes use of the impact of 
the water escaping from a nozzle or small orifice under 
high head against the paddles or vanes of the wheel. 
This will be an orifice opening from the base of a dam, 
or it may be the end of a pipe extending down from the 
source of supply. In later wheels the paddles were 

replaced with cups into which the impulse of the jet of 

water is carried, making a wheel revolve. The turbine 

wheel is a modification of the impulse wheel, in which a 

series of curved vanes or runners, with an arrangement 

similar to a screw are so placed in a tube as to receive 

the impulse of water escaping from that tube, the 

escape of the water being guided so as to produce the 

greatest impact against the vanes, and these being 

solidly connected to a shaft either horizontal or vertical, 

transmit the revolutions to the machinery. 

In mountain water power flour mills, it is often the 
practice to use a crude impulse wheel, turning on a 
vertical shaft to the top of which is attached the under 
millstone. But in most cases, especially those here con- 
sidered, some other method of transmitting the power 
will have to be sought. If the work is all to be done at 
the power site the power may usually be transmitted 
by belting running on pulleys attached to the water 
wheel and to the machine to be run. If more than one 
machine is to be run, or at more than one speed, it will 
be necessary to use an intermediate shaft with pulleys of 
different sizes 

When the power is to be used at some distance from 
the power site it will usually be found that it can best be 
transmitted by electricity. That means the use of a 
dynamo at the power plant, wires to carry the current 
and a motor at the points where the power is to be 
applied. In this process there are a series of losses 
which sum up just about one-half of the power available. 

Hand in hand with the development along the line 
here indicated should go an improvement in the living 
eonditions on the farms. Specifically is meant by this the 
installation of running water in farm houses, general 
introduction of bathrooms, ete. On many farms where 
no water can be had a hydraulic ram can be used to 
pump water for the house. 

In connection with the small water powers which are 
too large for development by individual farmers solely 
for their own use, some extended state action may be 
necessary. A law somewhat analogous to the draining 
law should be framed, providing for the formation of 
water power districts and making provisions fur legaliz- 
ing the necessary condemnation and assessments for 
supplying the funds through the use of bonds by the 
county, and tor the refunding of such moneys by the 
individuals and communities benefited. and for the 
necessary surveying and engineering control, etc., of 
such developments as shall be made under the provisions 
ot the law. The passage of such a law would bestow 
upop Middle and East Tennessee benefits comparable 
to those conveyed to the western section of the State by 


the drainage_law, 
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Cheddar Cheese Making 


Cueppar cheese is the most popular cheese with 
English-speaking people Its name is derived from a 
small village of that name in Somerset, England In 
that district this cheese was made over 300 years ago 
The system gradually spread to the principal British 


—— . 














Cheese-maker Taking the Acidity Test at the 


Coagulating Tank 


colonies In the United States, in 1830, cheese was 
sold in the local markets at 5 cents to 8 cents per 
pound From 1840 to 1850, the Americans began to 
ship it to Britain. In 1851 the factory system was in 
augurated, and by 1866, 500 factories had been built 
For the season ended September, 1859, 7,542 tons were 
exported From that date the exports increased 


] 


rapidly, and for a long time the Americans had the 


British market almost to themselves. Canada then en 
tered into the business 

The original system was somewhat complicated, and 
it required a large amount of experience to produce a 
cheese of good quality Even then troubles that 
puzzled the most experienced makers would affect the 
quality The Canadian experts developed a modifica 
tion of the system under which, by following fixed 
rules, more certain results are obtained and a more 
uniformly good article is produced This is now 
known as the Canadian Cheddar system; and by it 


makers of limited knowledge are enabled to achieve 


greater success than was formerly possible by he 
most experienced undet he American or Stirred 
eurd” system rhe Canadian cheese trade soon grew 
to one of great proportions, and the quality was such 
that it commanded the highest prices. Owing to the 


rapid increase of population in the United States, the 
exports from that country have decreased till they 
have now little influence on the trade 

The system was introduced into New Zealand, but 
for many years the export trade was at a standstill, 
while the butter exports forged ahead In 1907, how 


ever, owing to various reasons, the demand for cheese 


increased and unifermly good prices were obtainabl 

















Drawing Whey Off the Ma 


As the following figures show, the New Zealand cheese 
export trade was steadily developed 


NEW ZEALAND CHEBPSI EXPORTS 


1905 $ 904.370 
1906 1,325,420 
1907 2,248,380 
190S 3.961.590 
1909 4,327,280 
1910 1,928 520 
1911 6,111,820 
rhe Canadian system was introduced into Victoria 


* Reproduced from the Journal of Agriculture, Victoria. 


A Phase of Dairy Industry 


By G. C. Sawyers, Cheese Expert 


by the late Mr. David Wilson about 1892, when at sev 
eral factories the necessary plant was installed A 
small quantity was exported and satisfactory prices 
obtained, up to $14 per hundredweight; but it was not 
persevered with. Last season, again, a small quantity 
was exported with very encouraging results, over $15.25 
per hundredweight being realized for some makes 
The quality was very favorably commented upon by 
the experts in the trade in England, which shows that 
the country and climate are thoroughly suitable for the 
industry A large expansion in this branch of the 
dairying industry should therefore occur in the near 
future 
CHEESE AS AN ARTICLE OF DIE’ 

Cheese is highly nourishing, and is one of the staple 
articles of food of the masses in Great Britain, where 
the imports amount to over $30,000,000 

Cheddar cheese, when properly made from sound 
milk of average composition, is of rich quality, perfect 


solidity, mellow or plastic, and 


of specially mild and 
pleasing flavor, reminding one of a pipe hazel nut. It 
will keep under proper conditions, and with continual 
improvement, from one to two years; or it may be 
consumed when three to four months old, and at the 
latter age is more digestible than most other makes 
of cheese 


The average analysis of matured cheddar cheese 


is follows 


Per cent 
Water . 30.32 
Fat , 35.53 
Casein 28.18 
Salt, Ash, ete ».97 
100.00 








Heating and Cooking the Curd 


Or roughly, about one-third fat, water, and casein 


respectively 

Although due, to some extent, to the butter fat 
which it contains, the peculiar mellow appearance and 
texture of choice cheddar are more largely the result 
of the breaking down which the casein or curd under- 
goes during ripening. The curd is hard and insoluble 
in water when first made, but by degrees it becomes 
softer and more soluble; or, to speak more correctly, 
gives rise, by the processes of fermentation, to products 
which are soluble in water. If cheese is consumed be- 
fore this ripening process has developed, it is neither 
so wholesome nor nutritious as when properly ripened 
The proper ripening of the cheese depends principally 
on the manufacturing process and the subsequent treat 
ment of it while ripening. 

MILK 

Milk is a very complex substance and is a perfect 

food It will be sufficient to note its principal con- 


tents, which are as follows 


Per cent 


Water 87.00 
Fat 4.00 
Casein 3.00 
Sugar 4.75 
Ash 75 
Albumin 50 

100.00 


The contents chiefly of value in the manufacture of 
cheese are the fat, casein, water and a little sugar and 
mineral matter Nearly all the sugar and albumin, 
about half the ash, and a little fat, escape in the whey 
during the process of manufacture. 

Cheese is made by the action of rennet, which is an 
extract of the stomach of the young calf. It coagulates 


the casein and causes it to envelop the contents whic! 
are subsequently converted into cheese. 
CHANGES DUE TO BACTERIA. 

It is all important that some of the changes to whic! 

the solids of milk are subject should be understood 

















Cutting the Curd. 


They are principally due to bacteria. While in the 
healthy udder, the milk is practically free from bac- 
teria, but as soon as it leaves the udder it becomes in- 
noculated by various kinds that are always present 
in the atmosphere. 

Immediately these bacteria gain access to the milk 
they begin to develop very rapidly. Milk at the natural 
temperature of the body is a most suitable medium for 
their development. One form feeds on the sugar, the 
result of which is that lactic acid is produced. This 
is the natural souring or ripening of the milk; and 
in cheese making, it is the adjustment of the various 
processes of manufacture to .the development of the 
lactic acid that influences the matured product for 
good or ill. When proper precautions are taken with 
regard to cleanliness, the majority of germs that get 
into milk are of the class already mentioned, viz., those 
that produce lactic acid. When due attention is not 
paid to cleanliness, various filth germs get into the 
milk. These, feeding on the casein and other album- 
inoids, produce gases which form the pin holes and 
round holes in the curd and develop taints and bad 
flavors. A great variety of bacteria may get into the 
milk if proper care is not taken to prevent them. If 
they are subjected to high temperatures, say 130 deg 
Fahr., and upwards, for a lengthy period, they will be 
destroyed Low temperatures will check their devel 
opment, so that by cooling the milk they are kept in 
check, and the development of acidity can be con 
trolled by the cheesemaker. 

The predominance of any particular class of germ in 
the milk has the influence of overpowering or keeping 
in check those that are in a minority; hence the us 
of pure cultures of the lactic acid bacillus which are 

















Milling the Curd 


known as starters. These starters are prepared from 
a pure culture supplied in a liquid form by the 
part of Agriculture or from commercial cultures 
tainable from the agents in the form of powder. 


ye 


0D 


NECESSITY FOR CLEANLINESS 

As in all branches of dairying, cleanliness is of th 
greatest importance in cheese making. Sufficient caré 
is not devoted to the raw material by those who mil 
the cows and handle the milk before it is delivered 
into the factory, and it is at this stage that it is mor 
liable to contamination from careless and unclean!) 
habits. 

The cows must be provided with a clean water sup- 
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ply. If the supply is-obtainable from the open dam, 
this must be fenced so as to prevent the cows pollut- 
ing it with their own droppings. The mud thus con- 
taminated sticks to the udders, and it is almost im 
possible to prevent some of it finding its way into the 
pucket while milking. 

must be borne in mind that dung in any shape or 


form is the worst form of contamination to which 
mi is exposed. For this reason, the yards and sheds 

be kept clean; and, particularly in the summer, 
il ow dung must not be allowed to accumulate abou 
he yards. The cow shed and milk room must be regu 
ar limewashed. 


he cows’ udders must be washed or wiped with a 
damp cloth. This is especially necessary in the spring 
tin or when the animals have a full supply of 
succulent fodder, which has a laxative effect. Extra 
ca is then necessary to prevent contamination 
e milkers’ hands should be washed before milk- 
each cow For this purpose, water may be pro- 
d in a five or ten-gallon oil drum, with a tap. 
water This 
\ help to prevent the spread of sore teats or othe! 


Dissolve some C.uidy’s crystals in the 
ibles due to germ life 

As the tin 
vears off, giving rise to a rusty appearance, they must 


Only well tinned utensils should be uesd 
be re-tinned or replaced by new ones. The utensils 

ild be cleaned by first rinsing with cold or Iuke 

irm water, and then thoroughly scrubbed with hot 
vater in which soda has been dissolved in the propor 
tion of about one-half pound to 10 gallons of wate 
Afterward scald with boiling water and soda, steam 

roughly, and place upside down to drain and dry 
\ cloth should never be used in cleaning the utensils 
always use a brush. 

CARE OF MILK. 

The milk should be strained through a 

rainer, which consists of wire gauze, and wadding 
disk which is burnt after use. If butter cloth and wire 
strainer are used, take a fresh piece of butter cloth 
for each milking and double it. 

The night’s milk should be removed from the shed 

1 clean milk room and run over a cooler to remove 
the animal heat; the reduced temperature also checks 


“Ulax”’ 


the development of bacteria and prevents the milk be- 
oming over-ripe. 
sefore the milk is emptied into the receiving or 
iking vat, it is the duty of every maker to examine 
Thorough work at the 
receiving platform places one on the high road to suc- 
ss in the labor that follows. While the milk is being 
received into the vat, it should be stirred gently at 


the milk as to its condition. 


intervals to keep the cream from rising to the sur 
face Use the thermometer to ascertain the tempera- 


ure of the milk If over 70 deg. Fabhr., 





do not apply 
the steam until you are sure that there is enough milk 
near at hand to fill the vat If there is a suspicion 

it the milk is over-ripe, test is for acidity, as de 
scribed below, or make a rennet test; if it proves to 
be over-ripe, the whole process must be hurried on to 
keep ahead of the acid. If, on the other hand, the 
milk is found to be fresh and sweet, a good starter 
must be used Should there be any bad flavors evi 
dent, a good starter will assist in overcoming them 

STARTERS FOR CHEESE MAKIN¢ 

In preparing starters from commercial cultures for 
heese making, it is essential that all vessels be washed 
and scrubbed in tepid water and soda and then thor 
uughly rinsed wi . hot water and soda, and sterilized 
with steam. 

It is advisable to get the best milk obtainable and 
as fresh as possible from cows that have not advanced 
too far in their period of lactation “he milk should 
be strained through a Ulax strainer before putting it 
into the can or bucket in which it is scalded. 

Stand the vessel in a trough of water heated by 
steam. Keep the water boiling slowly to prevent any 
water splashing into the milk. In this way the temper- 
ature of the milk is raised up to nearly boiling point 
say 200 deg. Fahr.) and should be maintained at that 

nperature for half an hour, stirring cccasionally 
with a clean sterilized rod. 

Take the can out and strain the milk into a clean 
vessel, and wash the can first with cold water and then‘ 
hot water and soda, and sterilize with steam 

Take one gallon of the scalded milk and cool down 
to SO degrees, when the culture may be added, stirring 

n thoroughly with a clean glass rod 

Cover the top of the vessel with a piece of clean 

eese cloth that has been scalded and dried, to prevent 
any flies or dust getting in 

Set the can in a tub of water at a temperature of 78 
legrees, giving the milk a stir for the first 5 hours 
at intervals and maintaining that temperature from 
18 to 24 hours. The startoline should be nicely thick- 


ad: skim off about 3 inches and discard it. Stir it 


vith a clean glass rod till it becomes like cream 
and keep back one pint to be used to start the second 


Guys pasteurized milk. 


The second propagation should be started at a lower 
temperature (about 180 degrees) and maintained at 
70 degrees for the same period. 

Test the acidity by using the acidimeter test, which 
should show 0.65 per cent. Keep back about 1% pints 
to be added to third day’s pasteurized milk. 

Che third propagation should be cooled down to 
from 65 to 70 degrees and kept at that degree from 18 
This propagation will be found sufficient 
The quantity to be used 
the ordinary starter will depend on the acidity de- 


» 24 hours 


1 
t 


to set the ordinary starter 


exceed 0.80 to O.85 per cent 


oped, which should not 

















Pressing the Cheese 


One per cent to 144 per cent will be sufficient if the 
starter is mild to the sense of smell, clean and sharp 
to the palate, and firmly coagulated. If found to be 
over-ripe, use less. 

It is a very important matter that the starter be 
kept covered and in a pure atmosphere. Before using 
a starter always reject one inch from the top of the 
The starter should be 
poured from one vessel to another until it becomes 
smooth and uniform. If it is found desirable to add 
the starter to the vat of milk after the temperature 
has been raised, mix the starter with an equal quantity 
f warm milk from the vat. After pouring from one 


starter which is not so good. 


oO 
bucket to another it may be put into the vat by strain- 
ing it through cheese cloth so as to prevent the cold 
starter from curdling or forming into white lumps, 
causing mottled cheese. 

A good clean flavored starter gives the desired flavor, 
aroma, and keeping quality required in cheese. A 
poor flavored one should never be used, as it spoils 
the flavor of the whole vat of milk. 

THE RENNET TEST 

Heat a small quantity of milk in a dipper placed in 
iot water, raising the temperature to 84 degrees or 86 
degrees. Take a 4-cunce glass measure of the milk 
and pour into an enamel mug, place in it a small chip 
or cork, pour in one drachm of rennet, and stir vigor- 
yusly for 10 seconds with a clean teaspoon or a glass 
watch when the 


rod; then withdraw the spoon and 

















Dressing the Cheese. 


chip stops. If the ip stops quickly, the mflk is over- 
ripe 
THE ACIDIMETER OR TITRATION TEST. 

The acidimeter or titration test is based on the fact 
that one cubic centimeter of decinormal solution of 
caustic soda will neutralize .009 gramme of lactic acid. 

To make the test, put 10 cubic centimeters of the 
liquid to be tested in a white cup, and add two drops of 
phenolphthalein solution, which, by the production of 
a pale pink coloration, acts as an indicator of the point 
when neutralization of the acid by the soda takes 
place Fill a burette graded in one-tenth of cubic 
centimeters with the soda solution, but not above the 
0 mark Note the point at which the solution in the 
burette stands; then turn the tap and allow the solu- 
tion to run gradually inte the milk, stirring with a 


s 


duces a pink color, but when stirred it immediately 
disappears until the soda solution neutralizes the acid, 


ass rod all the time. Each drop of the solution pro- 
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when a permanent pink coloration is produced. As 
soon as this point is reached note how far the liquid 
has run down the burette; and if it has dropped 22 
spaces, equal to, 2.2 cubic centimeters. The percentage 
of acid is calculated as follows: 
2.2 x 0.009 x 100 
10 

present. 

A quicker and simpler way of making the test is to 
take 9 cubic centimeters of the liquid to be tested, 


= ().198—the percentage of lactic acid 


when the number of spaces of the soda solution used 

will indicate the percentage of acid present. For in- 

stance, say it takes 22 spaces to neutralize the acid, 

then 
2.2 « 0.009 « 100 

- --- ——= 0.22 per cent of acid. 

y 

The temperature of the milk does not influence the 
titration test. 

VARIOUS STAGES OF MANUFACTURE, 

Commercial Starter—A good starter is the founda- 
tion of cheese making, as it is composed almost en- 
tirely of lactic acid bacteria; and, in adding it to the 
milk, millions of desirable germs are introduced and 
help to crowd out the undesirable ones. Use from % 
to 114 per cent, according to the sweetness of the milk. 

Above all, never use whey for a starter. Sour whey 
ilways contains undesirable germs, and these will be 
transmitted from one day’s milk to the next. 

Heating the Milk.—The temperature of the whole 
milk should be raised to 84 degrees or 88 degrees, ac- 
cording to its richness In spring, a lower setting 
temperature and a comparatively larger quantity of 
rennet should be used. As the season advances, and 
the milk gets richer, the setting temperature should 
he raised. 

Testing Acidity of Milk.—The milk is now tested 
with the acidimeter test to ascertain its acidity. The 
acidities which give the best results are 0.22, 0.225, 
and 0.23, depending on the condition of the milk and 
the amount of starter used. 

Coloring.—The coloring depends on the strength 
used; from 1 ounce to 1% ounce to 1,000 pounds of 
milk gives the right color. It should be mixed in half 
a gallon of cold clean water, and gently stirred into the 
milk. 

Rennet Test.—Before setting the milk, a rennet test 
should be made. From 18 to 20 seconds is the proper 
time for normal working milk. The time will vary 
with the season, condition of milk, and strength of 
rennet. The quantity of rennet used is from 3 ounces 
to 4 ounces per 1,000 pounds of milk, and it must be 
diluted with half a bucket of cold clean water to each 
vat before pouring into the whole vat of milk. The 
water delays the action of the rennet for a few seconds. 

The rennet should be stirred into the milk with the 
curd rake or agitator for two to three minutes at a 
fairly fast rate; then slow down for two minutes so 
as to have the milk perfectly still before coagulation 
takes place. Withdraw the rake or blades of the agi- 
tator and skim off any dust or fat that may have ac- 
cumulated on top of the milk. Put canvas cover over 
the top of the vat to keep the temperature from falling 

Coagulation.—Watch for the coagulation of the milk. 
If this occurs within ten minutes, the curd should be 
ready to cut in 35 minutes from the time the rennet 
was added to the vat; or the time it takes to thicken 
x 214, from the time it thickens, i. e., 10 x 2% = 25, 

10 = 35 minutes from the time rennet was added 

Cutting the Curd.—To ascertain when the curd is 
ready to cut, wet the forefinger and insert it carefully 
into the curd and then raise. If the curd breaks 
cleanly and shows clear whey it is ready for the knife. 

The horizontal knife should be used first, lengthwise 
of the vat. The curd then keeps in place better and 
allows a more uniform cut to be made with the per- 
pendicular knife. The latter is used crosswise and 
once lengthwise. The cubes should be even and not 
over three-eighths inch in size. 

The curd should be stirred gently by hand for ten 
minutes and the curd adhering to the sides or bottom 
of the vat taken off before applying the curd rake or 
blades of the agitator. 

Testing Acidity of Whey.—A test of the whey should 
be taken before turning on the steam so as to know 
bow the acid is working. With some milks and some 
starters showing a test of 0.14 per cent, three-quarters 
of an hour from rennetting will bring the curd on 
quite fast enough, while others, even at 0.15 or 0.16 
per cent, may work too slowly in the same time 

Heating the Curd.—Steam should be applied through 
the medium of water under the vat, as there is less 
danger of scorching the curd. Turn the steam on 
slowly at first and gradually apply faster as the curd 
gets firmer. Stir constantly during the heating pro- 
cess, which should take from 40 to 45 minutes to raise 
the temperature to 98 or 100 degrees as the case 


may be. 
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from the press, and the 


trimming round 


thoroughly once 


irrives at the factory or dairy in a very unsatisfactory 


condition. The heating should be so regulated as to 
have the desired setting temperature attained rtly 
after the last milk runs into the vat. A renr test 
should be made before heating is completed by rm- 
ing a sample up to the proper temperature. This in- 
dicates at once how far acidity has develop: ind 
enables one to regulate the treatment accordingly 
When milk is found to be working fast a lower ing 
temperature should be used, and a larger quantity of 


rennet added, so as to get the curd ready for the knife 
is soon as possible. At a lower setting temperature, 
acidity does not develop so fast. Cut the curd finer, 
giving an extra cut with the perpendicular knife 

The object is to get the pieces smaller so that they 
may expel their moisture more rapidly. When the 


curd gets a little firm, say 92 degrees, remove a por- 
tion of the whey in order to contro] the develo nt 
of acid, and add 3 per cent of pure clean water the 
ame temperature as the whey 

In bad cases, all the whey can be removed do to 
the top of curd, and a second water added. ‘1 is 
found beneficial, as it checks the acid and allows a 


firm curd to be made before dipping on the ra 


GASSY CURDS, 


The presence of gas is generally noticed by the Ww 
ripening of the milk. Strong putrefactive fer: La- 
tions (or taints) are also discovered as the res of 
examination at the receiving can and milk vat In 


such cases, the milk should be ripened at a lower ‘tem- 
perature, and more acidity allowed to develop fore 
setting. Do not cut finely; aim at having the cubes 
larger so as to retain the moisture. Stir longer before 
turning on steam; heat slower than with ordinary 
curd. If very gassy, hold temperature a couple of de- 
grees lower, say at 94 degrees, until the acidity begins 
to develop. This prevents the curd from getting too 
firm before the acidity is present. When, however, the 
acidity is coming on nicely, the temperature should be 
raised to 98 degrees so as to get the curd properly 
cooked before dipping. 

Always allow more acid to develop in the curd be- 
fore drawing off the whey; do not stir too dry If 
vell cooked, leave the curd on the bottom of the pan 
instead of racking. A shade more acid in the whey 
ind more moisture left in the curd will assist in 
checking the gaseous fermentation of the latte! If 
the gas continues to check the acidity, and the curd 
is still working slowly, cut the curd in larger pieces 
than usual. These will retain the moisture and tem- 
perature better, and thereby aid development of acid- 
ity If, on the other hand, too much moisture is pres- 
ent and acidity is developing too rapidly, cut the pieces 
smaller, mill earlier, and mature well before salting 
When the curd has flattened out, all holes have disap- 
eared, and the flavor is fairly clean, salt heavier than 
vith ordinary curds. This will assist in retarding the 
effects of the bad flavor as the cheese ripens. 

FAULTS IN CHEESE. 

icid Flavors in cheese are due to ripening the ilk 
too much before adding the rennet, using too i 
starter and not firming the curd sufficiently before 
drawing off the whey. Prevent the development o 


much acid in the milk before rennetting. Of no a 
count should sour milk be accepted from any supplie! 

If the milk is found to be well advanced, keep back 
the starter till ready to add the rennet to the vat of 
milk; use very little (from 4% to % per cent) accord- 
ing to the condition of the milk. 

Rancid Flavors are due to filth germs caused 
through allowing cow manure and dust to gather in 
the cow-bails, and also by impure air where the milk 
is kept over-night in badly ventilated rooms. Utensils 
and straining cloths that have not been thoroughly 
washed and scalded, and bad flavored starters, should 
not be tolerated. 

Bitter and Yeasty Curd are due to receiving milk in 

cans in which sour whey from dirty tanks is r« 
All whey tanks should be constructed to allow whey to 
be carted away and the tank washed out thoroughly 
daily with hot water, and plenty of fresh air let i! 

Whey that has been pasteurized is much better fo! 


feeding young calves and pigs, and does away with the 


sour disagreeable odor so hard to get out of the cans 
Weak Body and Open Texture are entirely due to 
faulty methods of manufacture, and there is one 
else to blame but the cheese-maker. The body he 
cheese is determined very largely by the condition o! 
the curd at the time the whey is removed. If t! ird 
at this stage is soft and tender, the probabilit are 
that the cheese will be short and tender in the ly 
If the acidity is allowed to over-develop wh the 
curd is in a soft condition, a more or less sou! eese 
vill be the result. It is not the amount of acid ne 
urd at the time the whey is run off that il ales 
vhether a cheese will be sour or not, but rat the 


the 


condition of the curd as regards firmness w! 
acid develops 
Openness in. the Cheese is due to not allow the 


curd to mellow down sufficjently before adding | salt 
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putting into press too soon. A sweet cheese is 
ys open, because it resists the pressure and puffs 
swells after removal from the press. 
ottled -An development of 
moisture in the This 
niform cutting, heating and stirring, using three- 
ths horizontal knife first lengthwise of the vat and 
cutting with the three-eighths perpendicular knife 
Mix the curd up 


Coloring. uneven acid 


curd. can be avoided 


swise of the vat and lengthwise. 


and then give it an extra cut lengthwise of 


1an¢ 


at, giving a smaller cut which makes it much 


the curd firmed 


er to get 


through a laver 


milk before 


s should always be strained 
cloth 
coloring. 


he curd left over from the previous day 


arte 


and added to the vat of 


heese 


should be 


ced in the corner of the vat after the day’s curd 
been piled up on the racks. The drippings from 
curd will warm it up. Drain off the curd before 
ling, pull the curd into a heap, and salt apart. 


hooping the fresh curd, put the stale in the bot- 


m of a hoop. 
‘he chief advantage of 
texture 


the curd is to im- 
The curd 


matting 


ive the and body of the cheese. 
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must be turned frequently on the racks in order to 
prevent the whey forming in pools on the curd. 

The effects of salt on curd are to expel the moisture; 
to improve flavor, body and texture of the cheese; to 
retard ripening or curing and to add keeping quality 
If salt be applied to the cheese before 


the the 


to the cheese 


it become velvety, quality of cheese is not 


so good 
A really fine cheddar cheese should have a clear pure 


silky and firm when drawn by the trier. 


There should be no stickiness or pastiness on touching 


appearance 


it; neither should there be any holes in the meat, o1 
should be pleasant to the 


streakiness in the color It 


eye, and sweet to the nose and the palate. 


rRADE TERMS. 
Flavor.—In common with other edible commodities, 
fiavor is of the utmost importance in cheese The 


flavor of high grade cheese is agreeable to the palate, 


is nutty, clean, and devoid of any bitter or objection 


able after-taste 
Texture Perfect 
cut surface of the 


texture is shown when a plug or 


inside cheese presents a solid, com 


pact appearance, free from breaks or holes 


Body.—This term refers to the consistency, firmness, 
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Perfect body is indicated 
firm and smooth in consistency. 


or substance of the cheese. 
by its being solid, 
Coloring.—The color varies according to demand on 
the market 
EXPORT CRATE 
The 
the timber being well seasoned, and dressed both sides 
and ends A 


effected by 


cheese crate should be neat, strong and tight, 


further improvement in 
the battens 
the 
become softened, and is liable to impart a bad flavor to 


appearance is 


bevelling the edges of Green 


timber should never be used, as it causes rind to 


the cheese, and mold 


to occasion the development of 


Care should be exercised to get the crates as nearly as 


possible the same size as the cheese. or, in other words, 


the cheese should be made of a uniform size to fit the 


crate 

When this is done, they look neater and are pre- 
vented from moving about. The packages also take 
ip less space and unnecessary surplus weight is 


avoided. 


he partition between the cheese should be securely 


nailed, and the ends of the crates bound with 14-gagé 
pliable wire, with %-inch staples, or galvanized iron 
hoop (™% inch). 


SKis; Their Construction and Use 


The Making of a Good SKi is a Delicate TasK 


IN many mountainous regions, especially in the far 


iorth, the ground is so deeply buried in snow for 


that 
impossible, and 


riding and 
can 
The 


veeks and months in winter driving, 


rdinary walking are locomotion 


accomplished only with the aid of snow shoes. 
rincipal types of these devices are the Canadian lat- 


which closely resembles a 


or ski, 


ticed snowshoe, tennis 
acket, and the 


long, narrow and slightly curved 


which is 
plank. The form 
and dimensions of the ski vary according to the par- 
which it general, the 
is approximately equal to the height to which 
raise the his fingers, and con- 
from 6% to 7% feet. The width 
inches at different points, and 
the thickness varies (inversely to the from one- 
half inch to 1% Fig. 1 shows the plan and 
mgitudinal vertical of a ski 
of the usual type. The upward curve of the front end 
slight after 
the crown of is flat- 
The curve is 


Norwegian snowshoe 


ticular use for is designed. In 
ength 
the wearer can tips of 
sequently 


from 2% to 4 


ranges 
varies 
width) 
inches. 
and transverse sections 
convexity of the 
the foot 
tened in use by the weight of the body 

determined by the elasticity of the wood and the weight 
part of the ski shall 
straight that the 
ski were made straight the wearer’s weight would give 


s permanent, but the 


portion, on which rests, 


main 
under 


of the wearer, so that the 


become perfectly weight. If 


it a concave form which would make locomotion im- 
vossible. A longitudinal groove in the under side 
molds the snow into the form of a rail, on which the 


ski glides, and which makes it easier to keep the two 


skis parallel in running or coasting. 4 mortise is 








hiseled transversely through the thickest part of the 
ki, to facilitate its attachment to the foot. 
~ tMthlitiLin™, 
_ ae 
{ ™™ 
| = 
t 
Fig. 2—The Ski is Cut So that the Grain of the 


Wood Runs Obliquely. 








/ 
j 
i 
Fig. 3.—Shaping a Ski Over a Charcoal Fire. 
] 
wee 
Fig. 1—A Ski, 


n Plan, Elevation, 
ind Cross-Section. 





task, 
The 


details of con 


The construction of a good ski is not an easy 


for it involves a number of delicate problems 


methods and 


Nature 


following description of 


struction is furnished by La 


Skis intended for use in the mountains must be 
both strong and supple These two qualities are 
associated in the wood of the ash, of which most good 
skis are mad¢ Because of the high price of ash, many 


mountaineers substitute spruce or larch, which abound 


in the Alps. Skis are sometimes made of two kinds 
of wood, a heavy, close-grained species being employed 
for the lower, and a light wood for the upper part. 
Very hard and heavy oak is used for the bottoms of 


made entirely of oak would be 


White ash 


skis. A ski 
heavy for use. 


leaping 


too presents the best con- 


struction of the four desired qualities of elasticity, 
strength, lightness and moderate cost. The trees are 
felled in winter before the sap has started and are 


cut into planks about 8 feet long, 4%4 inches wide and 
thick. and 
the plan} s are so cut 


Knots are carefully avoided 


that the 


ll, inches 


grain of the wood will 


run obliquely downward from front to rear of the ski, 


as is indicated in Fig. 2. The planks are seasoned in 
the air for one year. The skis are then cut out with 
the aid of models and the bottom is planed to perfect 


obtained 
the 


The desired curvature is usually 
by soaking the ski in and bending it 
hands or by pressing it in a mold. Dr. Paulcke advises 


the ski, in an 


smoothness 


water with 


the mountaineer to support oblique and 


inverted position, with its front end over a charcoal 


A wet cloth is placed on the part to be bent, and 


fire. 
the point of 
until 


means of 
The 


downward by 


the ski is drawn 


the obtained 


a cord desired curvature Ss 





System of Attaching the 


Hintfeld 


Ski to the 


Foot. 








er 


suckle, Open and Shut. 


Level 











Fig. 4.—Shaping a Ski by Clamped Forms. 


cord is then fastened to a fixed object, the wet cloth 
is removed and the ski is dry over the 
fire. Fig. 3 shows simply this operation can be 
of an ordinary sledge. The 
part of the ski is produced by 


allowed to 
how 
performed with the aid 
curvature of the afte: 
a similar method. 
At the 


normal military school at Briancon, in the 


Hautes Alpes, the wet planks are clamped between 
forms (Fig. 4) and are thus dried in a warm, well 
ventilated room or in a moderately heated oven. This 


process is expeditious, but is apt to cause 
In the Hagen ski 
per the 


brittleness 
100 skis 
kept one 


factory which turns out 


which have been 


soaked ten 


day ash planks, 


year in the storehouse, are minutes in 


boiling water. This treatment makes the wood so 
pliable that it can be bent by hand on a form. The 
ski is allowed to dry in the air during two weeks, 


after which the final curvature is given to it by hand. 
The desired curvature having been produced by any 
of these the 


methods, and the 


and the ski is polished and 


longitudinal 
transverse mortise are cut, 


groove 


varnished. 


The problem of attaching the ski to the foot is 
much discussed and many different methods are em 
ployed. The attachment should be strong and simple 


and should assure easy and perfect control of the ski, 
without unduly the 
Above all, it with fingers 
stiffened by 


restraining the freedom of foot. 
must be easy to adjust even 
cold. It is 


foot quickly in 


also desirable to be able to 


disengage the emergencies to prevent 


breaking the ski or the leg. 
One of the best and most generally employed devices 
Hintfeld attachment by 


s the means of iron lugs and 


a number of straps passing over the toe and around 
the sole and heel of the shoe, in a manner which will 
he made more intelligible by a glance at Fig. 5 than 
by any verbal description The horizontal strap is 


provided with a lever buckle EZ, the operation of which 
buckle can be instantly 


out of the 


This 
can then 
attached to 


is illustrated by Fig. 6 
be drawn 
the ski 
familiar with skis imagine that 
walking 
difficult and ascending a slope quite 


unfastened and the foot 


harness, which remains 


Persons who are not 


they are employed only for coasting, and that 


on a level is very 


impossible with such footgear As a matter of fact 
Mont Blane and many other lofty peaks have been 
sealed by ski runners If the snow is in good condi- 
tion a grade of 20 degrees can be ascended as rapidly 


on skis in winter as without them in summer, and in 


a long climb an average ascent of 1,000 or 1,200 feet 
per hour can be accomplished. On level ground five 
miles can easily be covered in an hour. In 1884 the 


Laplander Tuorda traveled 13614 miles on skies in 21 


hours and 22 minutes 
delight 


of glid- 


The ski runner, however, finds his greatest 


in coasting down a long steep slope. The joy 


ing as swiftly as a swallow, with every sense quick- 
ened to discover and avoid obstacles, cannot be imag- 
ined by one who has not experienced it. 

This marvelovs ort is becoming more and more 
wopular in the French mountain country, although it 
is of verv recent intreduction In Norway. skis have 
been employed in military operations since the year 
1200, but it was not until the winter of 1901-1902 that 
the first experiments with skis were made by the 
French army The employment of skis by both sol 
diers and civilians has increased rapidly since the 
opening of the Briancon Normal School in 1903 and 


the international ski contest on Mont Genevre in 1907, 
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The Sewer System of Havana 
How the United States Have Fulfilled Their Responsibility 


By G. C. Scherer, Asso. Am. Soc. C. E. 


Berore American Havana was perhaps 


the 
in the 


occupation 
unclean both municipally and 
It numbered close upon 300,000 
that 


one of most ‘ities, 


morally world. 


inhabitants, with practically no sewer system, at 
time 


As Havana had proved a menace to the ports of the 


United States on account of yellow fever, the United 
States, under the Platt amendment to the Treaty of 
Paris, became responsible for the proper sanitation of 


the eit) 


It was at first intended to use the combined stem 


of sewers, 1. ¢ ewers to carry off both storm water and 
sewage, but later it was decided to install the separate 
system, first introduced into the United States by Colonel 
Waring using conerete sewers constructed in trench. 
The Meriwether System of reinforced loekjoint pipe 


was finally adopted 


The estimated cost of the sewage tem and repaving 


was some fourteen million dollars, contemplating about 


300 miles of sewers 


Considerable trouble was experienced in obtaining 


funds for this work During the four-year term of 


President Palma’s administration, and also during the 


president on his second term, no 
When the | 


pro 


short time he was 


money was provided. nited States inter- 


vened and placed Cuba under a isional governor 


the United States ordered ten per cent of all the customs 


duties of Cuba to be set aside for use in sewering the 


city. The annual income from customs duties averages 
$20,000,000, $2,000,000 was 


for this work each year. Later the 


therefore made available 


Cuban government 


issued $16,500,000 of bonds to be retired by the sums 
set aside from the yearly customs duties 

The lack of hygienic laws in Cuba has possibly been 
the cause of the severe epidemics of yellow fever that 


have caused the death of so many in our Southern 


cities, and it cannot be denied that American occupa- 


tion has had a more far reaching influence than the casual 
thinker would ever realize. 
The 


, 
menced in the 


work of sewer laying in Havana was com- 
Jesus del Monte 


of The Con te Awe 


first 
distriet in September 


Reprinted" by courtesy 








Fig. 1 A General View of the 


1908, and has been unremittently carried on ever since. 
Up to the presentjsome 195 miles of sewer and storm 
drains have been laid 

The size of these 


3 of a foot 


drains from 8 


feet 


sewers and range 


inches (2 to 84 inches (7 
Owing to the narrowness of some of Havana's streets, 
the placing of 84 inch drains presented quite a problem, 
see Fig. 3) where this pipe is being lowered into place in 
in LS foot street. 

The 


tha art 


Havana is practically level, particularly 


Gulf 


eity of 
lving close to the and the Almardores 








By courtesy of the Concrete Age 
Fig. 2.—-Method 
Pipe in the Storage Yard. 


kmployed in 


Placing and 














By courtesy of the Concrete Age. 


Removing Fig. 3. 


Electric 


Main Yard Soon After Starting. 


River, therefore it was necessary to provide a number 
of intercepting sewers, and trunk lines which assembled 
the sewage at a point where a syphon received it and 
carried it under the harbor of Havana to a chamber in 
the pumping plant Blanca (Castk 


Cabanas). The sewage from Regla is also assembled 


main near Casa 
there. 

The sewage flows into a receiving chamber by gravity 
[t is then lifted twenty-four feet, in order to give it 
another fall by gravity, and it is carried thence through 
a seven foot concrete lined sewer which passes through 


Telfer Machine for Unloading and 


Lowering Pipe Sections into Trenches. 
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bana Hill near the fort of that name. Thence through Fig. 3 shows a section of this pipe being lowered to be used carries that much more revenue into thi 
ub-aqueous discharge of cast iron pipe embedded in into its place in the trenches. This piece is 84 inches in locality by employing local labor 

erete. This outlet pipe extends some 500 feet out diameter and weighs five tons. Fig. 5 shows an S84 The Meriwether System of Continuous Concrete 
o the Gulf stream and has its outlet thirty feet be- inch section of sewer after completion. The peculiarly Pipe is reinforced with various kinds of metal, includ- 
ith the water. target-like effect is rather unique. ing traingular mesh, expanded metal and plain or de- 


Che outlet of this discharge sewer is far cnough It is here that mention of the Meriwether System of formed bars, whichever is best suited for the particular 


ay from the entrance to Havana harbor to preclude lock joint pipe may prove of interest. size and use of the pipe. This system was the first to 
| “possibility of its entry into the harbor, there- This system provides for the manufacture of the pipe use mesh reinforcements for concrete pipes. 

-e contamination of its waters is impossible. in close proximity to the trench, making the proper A weak or defective joint means weakness—the 
Much of the syphon and outlet pipe is laid in coral inspection possible and still insuring prompt delivery. Meriwether System provides strong joints as a distine- 


is believed to be exceedingly permanent. The manufacture of the pipe in the city where it is — tive feature. This is insured by the peculiar construc- 
tion. The reinforcing metal extends throughout the 
length of the pipe, and projects several inches beyond 
both spigot and bell ends. The spigot end is shorter 
than the bell, therefore when two joints of pipe are 


and 








engaged, the reinforcing metal in one section overlaps 
that in the other. The recess where the reinforcement 
comes together is filled with neat cement, thus locking 
the joints effectually. 

On all pipe 36 incbes in diameter, or larger, the joints 
are made from the interior after the back filling has been 
placed, by forcing grout behind a shield with a grout 
gun. On sizes less than 36 inches in diameter the joints 
are made from the outside through openings in the 
crown portion of the bells before the back filling is 
placed. By placing the back filling before the joint 
of the larger pipe is sealed, any settlement caused by 
the fill will oceur before the joint is made, thus any 
strain on the joints that would tend to injure their 
efficiency is eliminated. 

Thus it will be seen, that the Meriwether System 
provides for a continuous reinforced concrete pipe, 
laid in sections, in which the joints between sections 
are so made as to insure freedom from leakage or ob- 
stacles to flow. 


An Aeroplane.Propeller Test Plant.—A 75-horsepower 
adjustable-speed motor is used by the Worcester Poly 
technic Institute for testing aeroplane propellers in its 
new experimental plant. The propeller is mounted at 
one end of a centrally pivoted 160-foot beam and, 
driven by the motor, propels the beam against the 





adjustable resistance interposed by paddles which can 
be let down into the water of the lake in which the 
plant is mounted. To simulate flight conditions fur- 
ther, a second motor will be instailed to drive the beam 





at a tip velocity of sixty miles per hour, The thrust 

exerted by the aeroplane propeller and the power taken 

— = ‘ , to drive it under various conditions are measured by 

By courtesy of The Concrete Age recording instruments on the rotating beam.—Zlec- 
Fig. 4.—Crushing Test of Sewer Pipes. trical World. , 





With the general recognition of conerete for building 
purposes there has come a fuller appreciation of its 
possibilities in sewer construction. Conerete is acknowl- 
edged to-day as the most indestructible of all material 
for that purpose and as a result has been adopted for 
general use in all large cities. 

Havana is blessed with a most abundant water sup- 
ply which is carried for some eighteen miles in an im- 
mense aqueduct of stone from the base of the hills 
which traverse the Island of Cuba almost from one end 
to the other. This water is filtered seven times before 


it reaches the city, and as there are no meters, the water 





is freely used by the inhabitants, not only in their 
homes but in the many factories throughout the city. 

This means that Havana sewers are foreed to take 
‘are of a very great flow. Add to this the heavy burden 
placed upon them in carrying off the storm water from 
the streets in the rainy season when torrential rains 
oceur each day, and some idea of the vast volume of 
water and sewage may be gained. 

Every pound of cement used in these sewers is manu- 
factured in Cuba. Just outside of Havana a very deep 
river makes its entrance into the Gulf Almardares on 
the banks of which a large cement factory is situated 
\n inexhaustible quantity of material for the manu- 
facture of cement of the finest quality is found ready 
at hand. 

The company owning the plant has a capital of 
$1,375,000. The capacity of the plant has been twice 
doubled and its present output will be again doubled 
vithin a short time 

Fig. 1 shows the manufacturing plant and store vard 
vhere the pipe is made and stored until required for 
use. The means of distributing it is somewhat ingenious 
and merits more than passing notice. On each side of 
the yard is erected a tower (one of which is shown in the 
center of Fig. 1). These towers are placed on railroad 
tracks and can be moved from one end of the yard to 





the other. They are connected by a heavy overhead 





cable upon which a trolley runs, and the pipe is then 
slung as shown in Fig. 2 in a sort of saddle, and carried 
to the point desired and gently lowered into place on 
the ground. 

Fig. 4 shows the manner of testing each piece of 


pipe. 





Note the great saddles of wood hollowed out to receive 
the convex form of the tile. This allows an equal pres- By courtesy of I'he Concrete Age 
sure to be exerted, and the pipe that withstands this 
pressure without collapsing is passed as perfect. Fig. 5.—View of Inside of an 84-inch Pipe After Completion. 
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Wheels, Ancient and Modern and Their Manufacture—I. 


From Tree-trunk Roller to Wire-spoKe Motor Car Wheel 


COPE OF THE PAt 

Tu object of this paper lo present an account ’ 
some of the inost ancient and most modern heeis 0 
deseribe their form, the materials used in their construc 
tion, and, as far as possible, the methods employed in 
their manufacture 

To prevent the account becoming too sketchy, it will 
be limited almost exclusively to vehicle wheels, and no 
attempt will be made to follow the application of wheels 
in the many arts which employ them 

The important advances which were made by the 
ancients when they began to employ wheels and rotat 
ing members in their mechanical contrivance und the 
manifold latter-day developments and arts in which 
they are indispensable, form a chapter so vast that | 
have not attempted even the brefest summar 

W heels for facilitating transit are therefore my theme, 
and no apol wy need be proffered for an account ot hat 
was one of the primitive inventions of mankind, and is 
of prominent importance to this day here is a humani- 
tarian as well as a scientific interest m this study of 
wheels Cbroughout the ages, the use of wheels has 
played a crucial and ever-active part in the development 
of the means of intercommunication, OW become sv 
rapid and frequent as to form the ineradicable and pre- 
dominating feature of our time We know now how 
closely rapid intercommunication and Civilization are 
bound up together. Bearing this in mind, one need feel 
no compunction in drawing inferences as to the degree 
of civilization of the ancient peoples from their wheels. 
The ancient Kgyptians employed wheel vehicles for 
many purposes, and particularly for war, but the Israel- 
ites they held in bondage had no chariots at that tume. 
This stood them in good stead when crossing the Red 
Sea; the Israelites crossed safely on foot, but, according 
to Holy Writ, the wheels of the Egyptian chariots 


he marginal reading wound so that 


became (taking 
they drave heavily.”” This, which happened about 
1490 B. C., is the earliest record | have found of whee) 
trouble, but for which the Israelites nught never have 
reached the Promised Land 

ORIGIN IND EVOLUTION OF ri WHEEL. 


The actual origin and inventor of the wheel are lost 


in the mists of antiquit Che use of it appears to have 
originated in the Kast and spread westwards. Doubtless 
the nomadic tribes would be among the first to discover 
the advantages of wheels This may account for their 
widespread use at a very early dat Che oldest Indian 
literature mentions wheels, showing their use as parts 
of vehicles as far back as 1700 B.( hus is about the 


date of the first reference to wheels in Holy Writ 


Those who seem most competent to judge, agree that 


the wheel took its origin from the cylindneal tree-trunks 
which were placed as rollers under a load Probably 
the first vehicle was the sledge, the jlers being used 
when heavy masses had to be drawn. loilers being in 


demand, and heavy ones being difficult to handle, it is 
likely that long ones were cut up to make mall ones 
The desirability ol tixing these would svon become telt 
Precisely how this was done we do not know, but con- 


jecture suggests that the middle ma lave been grooved 





out to permit of @ staple or pegs on the sledge et 


with the groove and preventing it running along or side- 


ways Chis groove hia nave ome Vo extend the whole 
width of the sledge \ natural sequence would be to 
build this form up out of three part two disk-wheels 
and one axle, the axle being prevented by pegs from 
rolling away underneath the cart Solid wheels were 


used by the less civilized nations of Asia Minor, and on 


the farm-carts of classic times Virgil refers to solid 
wheels built up of three plank eld Logetber DY an iron 
hoop, and this form is said to be iL inh Use Ih Southern 
ltaly and to make a loud creaking noise as it turns 


Some of the old Chinese pictures show solid wheels with 


holes cut out, possibly for lightness, but more probabl 
to admit a pole for skidding the wheel on a deeline. 
This is an ancient method of raking, [rom which has 
urisen the phrase, “to put one poke Into another man s 


wheel, ”’ 

As late as thirty years ago bullock carts were in us¢ 
in Lisbon with only two such pegs to Keep the axle in 
position. The body of the cart could be lifted right off 
the wheels, and even now solid wheels and axle are 
hewn in one plece out ol tree trunk wd used tor irts 
in the northern provinces of India. Solid wheels with 
iron axles are also used 

Splitting must have been a serious cause of trouble 


in ancient disk wheels. Some that are still extant, dating 


rom 1550 B. C., show bad splits and leathern thongs 
binding the part ogether Segments of tree trunks 
would necessarily have a limited diameter, and though 
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the large ones would prove better runners on rough 
roads they would be more likely to split. This may 
have led to planks being nailed together, some crosswise, 
ind the survival of the fittest would account for their 
persistence From this to radial planks cut parallel to 
the grain is not a long step, and from radial planks to 
spokes is a natural sequence. 
CHARLOT WHEELS 

We will now consider some of the early wheels a little 
nore closely. The use of these for chariots led to a very 
ulvanced development even at a very early date 

‘he invention of chariots is aseribed by some to 
Erichthonius, son of Hephaestus and King of Athens, 
vho flourishea about 1460 B. C.; by others to the priest 
C‘rochilus or his son, Triptolemus. Homer described 
lelemachus as traveling from Pylos to Sparta in a 
chariot provided for him by Nestor: 

“The rage of thirst and hunger now suppress’d, 

Che monareh turns him to his royal guest; 

And for the promis’d journey bids prepare, 

The smooth-haired horses, and the rapid car.’’ 
Probably, however, chariots had long before this been 
in use among the Egyptians. In Holy Writ we find two 
references to Egyptian charnots in use about 1715-1705 
B.A Chariots were, with very few exceptions, two- 
wheeled vehicles. 

DESIGN OF EARLY WHEELS. 

Egyptian Wheels.—The Egyptian chariots, as shown 
by their sculptures, were easily carried by one man, and 
were, therefore, quite light. It is worth noticing, too, 
that the wheels were placed as far back as possible. In 
this position part of the load is borne by the horses. 
Since the chariot was so light this design could searcely 
have been chosen to save them; the object must have 
been to lessen the load on the wheels and to reduce the 
shock transmitted to the rider. 

Che Egyptian war chariots generally have six spokes, 
a few have eight, and others twelve; their private cars 
had only four. The spokes were usually round. The 
felloes were strengthened at the joints with bronze or 


rass bands, and the rim was a metal hoop. An Egyptian 





vheel has been found having a wooden tire in six butt- 
ended segments, and a felloe in six segments lapped at 
heir ends he rim segments have four slots near the 
felloe, and bands of raw hide are passed through these 
slots to bind the rim and felloe segments together. The 
pokes are round and tapering near the nave, and square 
ind tapering near the rim. They are provided with 
dowels at each end and a slot near the nave end, probably 
for a metal band. The diameter of this wheel is 3 feet 
lineh. In Egyptian wheels the axle-trees do not rotate, 
and the wheels are kept on by small lineh pins. 

One of the Egyptian paintings in the British Museum 
shows a wheel with a nave in one piece and sockets for 
the six round spokes \t the end of each spoke is a 
'-piece, which forms a socket both for the spokes and 
for the segments of the tyre. There is also an Egyptian 
wheel in the British Museum. This is of wood, disk- 
haped, flat on both sides and probably formed part of 
a cart or truck used about 1550 B.C. Itis still in excellent 
preservation and is about 2 feet in diameter, about 7 
inches thie vith a cylindrical hole at the center about 
7 inches in diameter. It appears to have been cut from 


a solid tree-trunk 


i n Whee The Assyrian sculptures show three 
forms of wheel: 1) Four-spoked, with heavy rims and 
tvres for heavy carriages. Some of the hand earts 


shown in the sculptures have four very broad spokes, 
vhieh look like boards 2) Kight-spoked, with three 
oncentrie rings in the rim, the outermost being the 


re proper, and spokes fitting into sockets at the nave 


hese were for chariots }) Wheels with nail tyres 
Occasionally we come across Assyrian wheels with 
LWeive Spokes 


In one sculpture appears the hunting chariot of the 
\ssyrian king, Assurnasirpal. ‘The wheels are compara- 
tively small, probably not more than 2 feet in diameter. 
You will note how very massive the tyre parts are in 
these wheels. The six spokes are comparatively slender. 
This suggests that they were either made of metal or 
that they presented their edges toward the outside, 
The tyres are generally built up of four, five, or six 
segments, the joints being sometimes at the spokes and 
sometimes between 

Pe in Wheels.—The Persian relievos also show an 
advanced development. One of these shows a wheel 
with twelve ornamental spokes fitting into a rim carry- 
ing a studded tyre. These studs were doubtless intended 
to keep the metal tyre on the wooden felloe, but their 
number suggests strongly that, even in those very early 
times, they appreciated the need for some non-skid 
device 

Among the discoveries in South Germany are some 


iron tyres, all that remains of the chariot buried 
some dead warrior. These tyres are about 40 inch 


diameter, and are covered with radial spikes on e 
inside. On the outside are still left the overlapping 
seale-like heads of nails, just like the Assyrian and 


Persian tyres already referred to. 


Cyrus, King of Persia about 560 B. C., made several 


improvements in chariots and chariot wheels. We 
told that he noticed how easily the wheels broke 
built them stronger. He lengthened the axle to gi 


chariots more rigidity, and at each axle end of the war- 


chanots he fixed a horizontal seythe, and undernea 
the chariot other seythes with their points turned 
toward earth. 

Grecian Wheels.—The Greeks preferred wheels wi 
four spokes. Some Greek vases (800-500 B. C.) sh 
racing chariots with wheels having four flat spokes. \ 
terra cotta relief of this kind shows Paris abducting 
Helen. This wheel is very erude as compared with tl. 
approximately contemporaneous Assyrian and Persian 
examples. The flat side of some Grecian spokes is wider 
at the nave than at the rim and parallel to the ax! 
Strengthening pieces appear always to be used at thi 
junction of the rim and spokes, and the tyres are in 
segments generally four or more—of flexible wood 
kept in place by an outer iron tyre. One vase (about 
700 B.C.) shows a racing-chariot with two spokes, and 
two bars at right angles to these from one side of th« 
rim to the other, but not passing through the nave 
These wheels were made to rotate on the axle. Thx 
nave had an external ring of iron into which the spokes 
fitted, and a flat ring supported by a linch-pin prevented 
the wheel from coming off. Their diameter was for the 
most part under 30 inches, and the two wheels were 
nearly 7 feet apart. 

MATERIALS USED IN ANCIENT WHEELS. 

The early Egyptian carriage-wheels were made of 
wood, and some of these are still in existence. Their 
sculptures show their methods of bending the felloes 
and rims, spoke-making and wheel-building. The 
spokes were shaved to make them round and smooth. 
The Egyptians knew how to produce tron as far back 
as 3733 B.C., but it was among the Assyrians that this 
metal was most freely used for the production of tool-, 
weapons, and ornaments, and the Egyptians probably 
learned many of the uses of iron from them. We have 
already seen how the Assyrians applied their skill in 
metal-working to wheel-making, and doubtless their 
progress in this direction is closely connected with their 
military suecess. 

Aceording to Holy Writ, the wheels of Solomon's 
laver carriages (about 1000 B.C.) were bronze. We read: 
‘Their axle trees and their naves and their felloes and 
their spokes were all molten.’’ At the time of Judah 
(about 1440 B.C.) we read of the dwellers in the valleys 
of Palestine having chariots of iron. This probably 
refers to forged iron; cast-iron was probably not known 
till after the time of Homer (about 900 B. C.). The first 
Grecian wheels were made of oak The later Grecian 
wheels were made entirely of bronze. Homer speaks 
with enthusiasm of copper tyres (Iliad 5, 722 et seq 

‘Quickly Hebe fixed on the chariot the rounded 
wheels of copper, eight spoked, around an iron axle; 
their felloes were indeed of gold, imperishable, but 
around tyres of copper were firmly fitted, a wonder to 
behold.”’ 

Whether this was a detachable spare wheel that th 
Goddess of Youth was fitting to the chariot we are 
told, but it is interesting to note how gold felloes pal 
into insignificance beside copper tyres that did no 
easily come off 

There 


existence at Toulouse These are 54 centimeters 


are some antique bronze chariot wheels still 


diameter, and have naves 40 centimeters long and 
centimeters in diameter. The spokes are five in number, 
and there are deep recesses in the felloes to take th 
tyres. The rivets used for fastening on the wooden 
tyres can still be seen in the felloes. 

Of early British wheels I have no examples to 
Cesar, you may remember, found our ancestors pos- 
sessed of war-chariots which they managed with gré 
skill, implying a long previous acquaintance with 
use and manufacture of wheels. 

ANCIENT WHEELS—GENERAL CONSIDERATIONS. 
Before leaving these ancient wheels it is, perh 
worth pausing a moment to consider their main features 

from one or two present-day points of view— 

strength, serviceability, and appearance. In those 
times torque would only be applied to a wheel in its 
plane when occasion arose to put the shoulder to th 
wheel. They were not built to transmit torque, 50 
when the Egyptian wheels sank in the sand of the Red 
Sea they gave trouble. The same must have happened 
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uy other cases. Every time a car or hariot curved 


In! 

to the right or left a thrust on the rim would be developed 
per} ndicular to the plane of the wheel, its magnitude 
depending on the weight, speed, and flexibility of the 
ear, the radius of the curve and the character of the 
grouna. The tendency of this would be to break the 


spokes near the nave. In overcoming this there are two 
pat open to the designer, one is to dish the wheel, 
the other to strengthen the rim—the former 1s the 
rn way, the latter was the method adopted by the 
ancients. The Greeks, as we have already noticed, pro- 
vided strength to resist side-thrusts by sometimes 
oying spokes wider near the nave and; with their 
This was also the method 


mo 


em} 
flat side parallel to the axle. 
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employed for building one of the London Omnibus Com- 
pany’s wheels which came under my notice a few years 
ago. 

With regard to serviceability, it is probable that these 
ancient wheels would work loose where the spokes enter 
the felloe and nave. This would lead to loud creaking 
and groaning, and probably partly explains why we read 
of the mother of Sisera listening for the noise of his 
chariot wheels and not for the sound of his horses’ hoofs. 
No doubt the sockets employed in the more recent of 
the ancient wheels served to strengthen the joints and 
minimize the noise. 

With regard to appearance, even in very early times 


they preferred wheels with more spokes (eight and 
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twelve) for war and state purposes. Where the wealth 
of Solomon made it possible, bronze wheels were pre- 
ferred, and among the wsthetic Greeks the all-bronze 
wheel found considerable favor. 

The foregoing account, incomplete though it is, will 
be sufficient to show that there was considerable varia- 
tion in the design and materials employed by the ancients 
in wheel-making. Even the wheels of the same country 
differed considerably among themselves. As early as 
500 B. C., wheels had reached a very advanced stage of 
development even in Europe, owing partly to their use 
in war, partly to the sports of the Stadium, and partly 


to the rough roads and tracks they had to traverse. 
(To be continued.) 


Condiments and Stimulants 


They Represent Lubricants, Not Motive Power 


whose supporters have 


fuse Pure Food and Drug bill, 
scored so notable a victory over their opponents, 


cludes in its provisions a number of alimentary ar- 
les whose freedom from contamination or adultera- 
n is of peculiar importance from the fact that they 
contain very powerful drugs, though they are com- 
monly regarded as mere table luxuries. We refer to 
those condiments and beverages which, though chiefly 
themselves, are highly 


or entirely non-nutritious in 
prized and almost indispensable additions to the daily 
fare among all grades of society in all civilized coun- 
tries. 

These consist mainly of various condiments of agree- 
ible flavor and pungency and of the alcohols and al- 
kaloids which in diverse degrees of dilution and modi- 
fication are universally used The for- 

ier, though classed under the general head of spices, 
cover a very wide range, from hot and biting sub- 
stances, such ag pepper, mustard and pimento, through 
the strongly pungent and aromatic products of the 
clove and nutmeg to the fragrant herbs of the kitchen 
garden and the plants of delicate exotic flavor, like 
vanilla and cinnamon. 

Alcohol is consumed as a table beverage chiefly in 
he form of light wines and malt liquors such as beer, 
ile, and stout, and the common alkaloids are the caf- 

in of coffee and tea and the theobromin of choco- 
te, if we exclude nicotine from consideration. 

The comparatively modern science of physiological 
hemistry has devoted much attention to these sub- 
stances in the effort to determine their precise ef- 
fect on bodily functions and their potential value or 
harmfulness. Are they mere extravagant luxuries, not 
only useless but actually injurious to the human or 
ganism? Or do they have under proper circumstances 
a definitely beneficial effect? 

Modern physiologists very generally declare in favor 
of the latter view, subject to certain restrictions. The 
eminent authority Pettenkofer sums the matter up 
very neatly by saying such things are “like the oil 
to a machine—they can’t take the place of the steam 
can make the action smoother 
Only the oil not cor- 


as beverages. 


that drives it, but they 
and the running better. 
rode the machine!” 
Here we have the crux of the matter. The healthy 
minute quantities 


must 


body may be able to make use of 


moderate intervals without harm and 
But if the 


quality 


if stimulants at 
benefit. 
toxic 


even with doses be too large or 


manifests itself, or if 
weakened—i. e., 


put on 


too frequent, a 
the machine be already injured or 
organic trouble exists—an extra 
deteriorated tissues which they are unable to support. 
Hence the doctor’s commands to give up coffee, wine, 
tobacco. 
value of the 


strain is 


tea, or 


The ailments under consideration is 


due to the property they possess of stimulating the 
nervous system, accelerating the heart action, and 
inducing a greater flow from the secretory glands, 
including those in the alimentary canal. Thus diges- 
tion is assisted and metabolism or tissue change is 
hastened. Every one is familiar with the way in 


which pungent aromas will cause the mouth to water 


or even the tears to flow, and other glands are 


similarly affected. Some authorities declare also that 
the nervous stimulus extends to the brain, causing in- 


reased cerebration, but with the curious limitation 
that this mental effect is confined to an increased 


activity of the emotions and passions and not of the 
reasoning faculties. 

Such 
valuation 


observations go far to explain the enormous 


put upon spices in the middle ages, when 


proverb, and when the 


merchant of 


as dear as pepper” became a 
trade in “Orient spices’ made 
Venice and other commercial communities enormously 
Indeed, this was one of the chief that led 
Columbus to the West Indies in his search for an 
asier route to the treasures of the East 
Spices and condiments owe the physiological ef- 
fectiveness noted above mainly to the etheric oils 


many a 
lures 


ich. 


Indies. 


they contain, and it is such oils that largely give the 
bouquet to wine and the aromatic bitterness to beer 
and ale. Such oils are prone to undergo a change, the 
molecule undergoing a progressive modification with 
the lapse of time, a slow oxidization taking place. 
This is why the bouquet of new wine differs so 
markedly from that of properly matured wine, the 


latter products being not only more agreeable in odor 
their action on the 


the alcohol 


and but less violent in nerve 


tissue. In all 


taste, 


alcoholic drinks, however, 


itself is the main factor of nervous disturbances, 


though the effect may be heightened by the addition of 
such as the 
manufac- 


aromatic and even toxic substances, 


anise-seed, kimmel, fennel, etc., used in the 


ture of liqueurs. 
It is needless to dwell here on the well-known effects 


1 alcohol and the medical, social, and political con- 


troversies concerning its use and sale. 

We pass on to a consideration of the alkaloid bever- 
ages, which include not only coffee, tea, and cocoa, but 
vast quantities of so-called “soft drinks.’ 

The latter are supposed to be innccuous compounds 


ot carbonated water, phosphates, lemon juice, fruit 
syrup, and the like, and their use is especially prev- 
alent in America, where they are consumed in enor- 


mous amounts in city and in country by all classes of 


children as well as adults. 


stated that 


the population, and by 

It is authoritatively 
of caffein are annually imported into the United States 
Ironically 


70,000 kilogrammes 


from Europe for use in these drinks. 


enough, this drug is extracted from coffee to render 
it a less injurious beverage! 

Thanks to the exhaustive experiments of the cele- 
brated chemist, Dr. 
investigators, both 
and its physiologica] action are 
Caffein and thein (the alkaloid of 
identical, so that the term caffein 
criminately for the potent principle of coffee and tea 
The the 
chocolate, differs in 

Both caffein 
derivatives of 


from 


German KMmil Fischer, and other 


the chemical structure of caffein 


now well understood. 
practically 


indis- 


tea) are 
may be used 
active alkaloid of cocoa or 
is milder in effect 
Fischer, 


bromin, however, 
structure and 
according to 
turn 


theobromin, 
xanthin, which is in 
which all 


and 
derived 
made 


are 


from uric acid, three can be 
synthetically. 

The parent xanthin, 
action on the fibers of heart-muscle; but 


enter molecule—the so- 


compound, has no deleterious 
when certain 
definite chemical the 
called methyl groups—there is at once a marked effect 


The more methyl 


groups 


on the contraction of heart muscle. 
groups there are, the stronger this action; this is why 
cocoa and chocolate are milder than tea and coffee, 
since theobromin has but two methyl groups, and caf 
fein has three. 

these compounds are 


the 


By passing through the body 


broken up and the methyl groups to which physi- 


ologic effect is due disappear, so that in the urine the 


caffein has again become xanthin. Both caffein and 
theobromin increase the excitability of the central 
nervous system and the potential of muscular energy, 


while at the same time lessening the feeling of fa- 
tigue. Used excessively, caffein shows distinctly toxic 
effects. Five or six tenth of a grain are sufficient to 
cause sleeplessness, dizziness, muscular tremors, and 
even a tendency to vomit. The nerves and nervous 
system of the heart are specially affected, and there 
is a tendency to arterio-sclerosis from the abuse of 
caffein. Since a single cup of coffee contains a tenth 
of a grain or more of caffein, it is easy to see how 
readily confirmed coffee drinkers may overstep the 


the di- 
vital an element 


bounds of safety. Caffein also interferes with 


gestion of the albumens which are so 


of sustenance. Although tea contains two or three 
times as much of the alkaloid as coffee, a cup of cne 
contains about the same percentage as a cup of the 


other, owing to the different method of preparation. 
Though theobromin, as we have said, is much milder 
of action, it is possible for an excessive use of choco- 


late to be iljurious. An investigator who consumed 


1UU gralns per day tor ten days lound himself attected 
by tiembling, pallor, swealing, and headache. 
these that 
cottee should quantities by 


In view OL is advisable both tea 
and 


adults 


facts, il 
be drunk in moderate 
children, and that all 


strictly 


and not at all by soda 


supervised by boards ol 


the 


lountains should be 
health 


calieln, sacchrarin, synthetic ethers, and olber power- 


With special relerence to employment otf 


tul drugs. 


Gratt of Vienna, from whose 


borrowed 


Herr Victor paper in 


Prometheus we have much of the data used 
in this article, is of opinion that the beverages we have 
been considering might be in large meas- 
ire by special processes which would eliminate wholly 


while 


“depoisoued 


or largety the toxic constituent leaving unim- 


paired the delicate and agreeavie flavors and aromas 


to which, he believes, the pleasure of imbibing these 
drinks is due. Such a process tor treating cotiee has 
already been patented by Wimmer of Bremen, in which 
benzine, the claim being 
unimpaired. 


extracted by 
retains its 


caffein is 
made that 
Grate makes the point that the flavors, and even the 
physical eftects, of tea and coffee are largely dependent 
on Other tactors the content of alkaloid. Much 
of the harmlessly stimulating effect of coffee, he says, 
from “coffee oil” 


Lhe 


the cofiee aroma 


than 


as well as the aroma, proceeds the 


brought out by 
inem, not only tannin, but etherical oils formed during 
fermenta- 


roasting, while tea contains, besides 


the a sort of 
tion, as well as special perfumes added by the Chinese. 
that 
large 
when 


preparation of the harvest by 


Attention is called to the circumstance 


drinks 


specially 
enable us to absorb agreeably 
water which the body has need of 
Furthermore, 


these the 


quantities oO! 
exertions. while 


indergoing strenuous 


not themselves nutrilive, they become the vehicles tor 
nutritive matter in the shape of tne milk, cream, and 


sugar added to them. 


Speed Measurement in Zeppelin 


Dirigibles. 
Tne speed of the Zeppelin dirigibles, “Schwaben”’ 
and “L. Z. LX.,” is measured by a special device which 


Pitot connected to a 


is composed of a glass bell-jai 


consists essentially of a tube 


water gage. This gage 


piunged into a receiver containing alcohol, alcohol 
being used because this liquid wets glass perfectly. 
The bell-jar is attached by a silk thread to a spiral 


Between the spring and the 
wound on a pulley, keyed on 


spring, which supports it 
bell-jar the silk thread is 
an axle to which is affixed a needle moving over a dial 


whose surface is divided into volt-millimeters indica- 
ting water pressure. 

Under the bell-jar is the end of tube communica- 
ting with the plus branch of the Pitot tube, which is 
placed 3.4 meters (11.15 feet) below the car of the 
airship; the free surface of the alcohol is subjected 


to the pressures of the minus branch. 

On board the “L. Z. X (“Schwaben”’) a speed of 
19.56 meters per second (42 1/3 miles an hour) was 
indicated with a development of 454 horse-power (the 


ferward motor having 148 horse-power, and each rear 


motor 153 horse-power). With 290 horse-power (the 
rear motors making only 1,100 R. P. M. and the for- 
ward motor not running) the speed was 16.63 meters 
per second (36 1/3 M. P. H.) With 136 horse-power 
(the forward motor making only 980 revolutions and 
the two rear motors being stopped) the speed was 
11.5 meters per second (24%, M. P. H.). 


The object of these experiments was not to indicate 


the exact speed of the dirigibles to the tenth of a 


meter second, but to enable one to calculate, on 


the 
ditions 


per 
known con 
the 


basis of known speeds obtained under 


atmospheric 
the dirigible 


(temperature and 
resistance to advance of 
efficiency.—Aerophile. 


pressure) 
itself and its 
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Electric Burns and Their Treatment, 


(ue increasing application of electricity for domes 
tic, public, and Manulacturing needs, has led to a wide- 
pread pievaience of accidents [rom this suurce rhese 


uore or less serious cases of shock, 
with an elec- 


accidents consist ol 


and of localized burns caused by contact 
tric current 

Such burns are usually on the upper part of the 
body, especially the head, arms, and hands, since they 
are commonly occasioned by the fall of a wire or the 


of metal 


chance touching ol a highty charged piece 
when mounting a laddel! 

They present marked clinical pet uliarities both ol 
ispect and of evolution, and the treatment correspond 
ingly varies somewhat lrom that ol ordinary vurbs 

According to the lresse Medicale, lectric leslons are 
ditterentiated trom the lormer in Lires uys-Urst, vy 
heir aspect and development, secoudly, by thell lli- 
dolence, or non-painlul haracter, and thirdly, by 
elng completely asepli 

Superticial electric burns are rare they do not attack 
the dermis, do not show the inilamed edge ol yrdi 


unlike these do 


fitth 


nary burns of the second degree, and 


not exhibit phiyctenas Ull the fourth o1 day. 


Deep burns are more lrequent, because the extremely 
high temperature developed at the point of contact ol 
the current causes the destruction of a solid mass ol 
lies and th arbonization ot tissues to a considerable 
depth. hence here is a complete loss of substance, 
a lump ot dead matter being surrounded by healthy 
tissues without an ntervening transitional territory 


On the head, where (the bone is less protected than 


the skeleton in other parts of the body, the bone 15 


often involved Usually the resulting osseous necrosis 
is confined to the upper layers, however, and since 
the organs are protected by the inner layers, 


cerebial 


favorable, even when the in 


When the 


the prognos:s is apt lo ve 


jury is ol « ynsiderable extent necrosis al- 


tects the entire depth of the skull, on the contrary, 
cerebral and meningitic complications are to be feared 

Che second characteristic of electric DurnDs, their “in 
dolence,” is perhaps the most specifi and the most 


ted in view of the violent pain associated with 
onstant, and 


unexpet 


ordinary burns. This symptom is almost 


is attributed to the destruction ol the nerve termina 


tions or to the aseptic evolution of the lesion lt is so 


definite that the wounded sometimes do not perceive 
that they have been hurt. 

Finally there is complete asepsis: there Is nO in- 
flammatory reaction, suppuration 15 1a king, the cal 
bonized tissues are eliminated iittie by little without 
infective phenomena. This is due to thorough ster 


high 
penetration. 


ilization of the mass of tissues by the tempera 


ture produced at the 
burns are 


current’s level ol 
showing a 


ordinary 


itrizea, 


qQuIcKly it 
like 


Superficial 
that of 


moist and supple scar not at all 


AS1L) eaving aiter 


burns. Deep lesions generally heal 

the fall of the rough scar a surlace ol a bright red, 
without hair They are sometimes, however, very slow 
in healing, where the loss of substance 1s very great, 
and especially if the bone involved. 


the! ire lacking 


Besides the absence of infection 
other features (shock and visceral congestions and 
thromboses) which so trequent suse dangerous com 
plications in ordinary burns On the other hand, ele 
tric burns frequently Lust ocal nervous complica 
tions, such as te tis nuscular atrophies, and vaso 
motor troubles. 

The treatment is ver simple t consists chiefly in 
maintaining the asepsis; only the oncurrence of a 


bony lesion sometimes « nands active intervention, 

It is a well-known fact that instantaneous deaths 
are due to currents of moderate yitage (500 to 600 
volts), while those of high potential (2,000 volts and 
over) produce general!) oss of consciousness Which 
vields to artificial respiration in fac Besson has co 
ected a number of instan n which individuals sur 
vived who had been ibje d to the passage ol ul 
rents of from 2,500 to 4,000 volts 

Chis is owing he u tablished experimentally, 
hat the noderate ollage ay he irdiac muse 
nto a state of fibrillary emulation, wh high volt 
ages have no direct eff ipon th veart, but inhibit 
the center of respiration; consequently a ertain dura 
tion of time is required for the iattt to produce the 
econdal arrest of the hear hich results in death 

Hence the comparative harmlessness of high poten 


ials is very explicable ere are at the point of con 


tact local phenomena produced which modify the local 
esistance in such manner that the irrent finds itself 
interrupted he charred tissue forms a barrier which 
interrupts the action of the elect energy before the 
respiratory arrest becomes fina and the injured man 
may be saved by prompt and energetic restorative meas- 
ires. This explains the many cases in which individ- 
1als who would have been killed by currents of fou 
or five hundred volts, may escape with a temporary 
loss of consciousness and a few insignificant burns 
after being exposed for several minutes to the passage 
of a current of high voltage 








SCIENTIFIC AMERICAN SUPPLEMENT No, 1877 


Rules Governing the Competition for the 
$15,000 Flying Machine Prize Offered 
by Mr. Edwin Gould 


1. A prize of $15.000 has been offered by Mr. Edwin 
Gould for the most perfect and practicable heavier- 


than-air flying machine, designed and demonstrated in 


country, and with two or more com- 


powe I 
so connected 


this equipped 
propellers), 


be operated 


plants motors and 
that 


independently, o1 


plete (separate 
power plant 
they 


CONDITIONS Ol 


any may 


that may be used together. 
ENTRY. 

Con- 
ecifications 
the 
the 
one or 
should 
GOULD- 
York 
ma- 


2. Competitors for the prize must file ith the 


t Committee drawings and s§ 


the 
learly 8 


est compete 
vhich 


propellers is 


arrangement of 
vith 


of their machines, in 


engines and iOoW)D 


mechanism for throy into or out ol geal 


the 


ing 


all of engines and propellers. Such entry 


be addressed to the Contest Committee of the 
AMERICAN Prize bl Broadway yew 


his 


SCIENTIFIC 


ity Each contestant, in formally entering 
biplane, 
the 


propellers, its 


hine, must specily its type (monopian 


helicopter, etc.), give its principa: dimensions, 


number and izes of its motors and 


horse-power fuel-carrying capacity, and the nature of 


its steering and controlling devices 


Entries must be received at the office of the 
SCIENTIFIC AMERICAN on or before June Ist, 1912. 
Contests will take place July 4th, 1912, and following 
jays. At least two machines must be entered in the 


will 


CONTEST 


ontest or the prize not be awarded 


COM MITTEE 


t. The committee will consist of a representative of 


the ScrENTIFIC AMERICAN, a representative of the Aero 
tech 
upon the 


iines entered 


and the some 


rhis 
practicability and efficiency of all the 


Club of America, representative of 


nical institute. committee shall pass 


lhat 


in competition, and they shall also act as judges in 
determining which machine has made the best flights 
ind complied with the tests upon which the winning 
of the prize is conditional Che decision of this com- 
mittee shall be final. 

CONDITIONS OF THE TES! 

». Before making a flight each contestant or his 
igent must prove to the satisfaction of the Contest 
Committee that he is able to drive each engine and 
propeller independently of the other or others, and 


that he is able to couple up all engines and propellers 


and drive them in unison. No machin ill be allowed 





to compete unless it can fulfill these requirements to 


the satisfaction of the Contest Committee The prize 
shall not be awarded unless the competitor can dem- 
onstrate that he is able to drive his machine in a con- 
tinuous flight, over a designated course; and for a 
period of at least one hour he must run with one of 
his power plants disconnected; also he must drive his 
ngines during said flight alternately and together 
Recording tachometers attached to the motors can 


probably be used to prove such performance. 


In the judging of the performances of the various 


machines, the questions of stability, ease of contro) 
und safety will also be taken into consideration by 
the judges The machine best fulfilling these condi- 
tions shall be awarded the prize 

6. All heavier-than-air machines of any type what- 
ever—aeroplanes, helicopters, ornithopters, etc.—shall 
be entitled to compete for the prize, but all machines 
arrying a balloon or gas-containing envelope for pur- 


poses of support are excluded from the competition. 

7. The flights will be made under reasonable condi 
tions of weather The judges will, at their discretion 
order the flights to begin at any time they may see 
fit, provided they consider the weather conditions 
ufficiently favorable 

8. No entry fee will be charged, but the contestant 


must pay for the transportation of his machine to and 


field of trial 


from the 


%. The place of holding the trial shall be determined 
by the Contest Committee, and the location of such 
‘lace of trial shall be announced on or about June ist, 
1912 

10. Mr. Edwin Gould, Munn & Co., Ine sublishers 
of the Screntiric AMERICAN, and the judges who will 


be selected to pass upon machines, are not to be held 
responsible for any accident which may occur in stor- 
ing or demonstrating the machines on the testing 


ground 
International Telephone Lines in EBurope.—A bi 
nceerning the establishment of 

Milan, Zurich, 


elephone MU i 


tion between Basel, Frankfort and Be 


lin has been passed by the Italian Parliament rhe 
proposals for the new lines have to be ratified by the 
.uthorities in Germany, Italy, and Switzerland, but 


this is said to be a mere matter of form, and construc- 


tion work may soon commence. The shortest course 
between the different places wi Ollowed rhe 
lines from Milan to Basel and from Milan to Basel 
and Frankfort will probably pass, says the Elec- 


tric World, through the Simplon and go via Lausanne, 


whence the shortest route will be taken to Basel. 
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Japanese Arctic Expedition._-lhe Japanes« 


1911 


> ex 


liged 


packs, 


pedition in quest of the South Pole, which after reach 
ing the point 74 degrees south last winter, was ob 

to return on account of bad weather and ice 

has started upon a second expedition. The Kainan 


Maru, which carried the expedition, has in.the mean 


time been thoroughly repaired and equipped. 


Canadum, a New Metal.— According to recent press 


report, Andrew Gordon French has discovered a 


new 


metal, belonging to the platinum group, which he has 


This 
Canada 


named Canadum. metal was 


Kootenay ores in Samples of the 


the 


ore 


been sent to a number of 


ieties. 


Making Diamonds from Gas. 


press report, Dr. Werner von Bolten, of Berlin, 
discovered a process of making diamonds from 


Ordinary 
ised by means of a mercury amalgam, causing 
gas to crystalize into diamonds. 


rystalized carbon is very 


carbon of the 


discovered in 


the 


have 


leading scientific so 


According to a recent 


has 
gas, 


illuminating gas is used and this is decom- 


the 
The 


fine, but it has been found 


that by introducing a small diamond chip in the appa- 


ratus the diamonds produced from the gas 


gradually built up around the mother crystal. 


wil 


Bees as a Medium of Sugar Inversion.—Observat 


1 be 


ions 


have shown that bees can fill up with a 50 per cent 
ane sugar solution within two minutes, and that it 
akes them just as long to discharge this solution into 
the cells. Within this short space of time, by a single 
assage of the solution through the honey-bag of the 


bee, 4 
iged solution of sugar is allowed to stand for sev 
temperature, it 


5 of the sugar has been inverted. 


will be 
hat all but one per cent of the cane sugar is inve1 
feeding 


days at ordinary room 


mney obtained by bees with a solutior 


ugar (a method often employed in adulterating hor 
an by external examination 
inguished from the natural product. 


mere not be 


not possess a trace of the aroma of the latter, 


merely a sweet taste.—Apotheker Zeitung. 


The Development of the Export of Air Saltp 
from Norway. 
arge increase, although the total quantities are 


et very large. 


If the centri- 


eral 


found 


"ted. 
1 of 
1ey) 


dis- 


However, it does 


having 


eter 


The export of this article shows yearly 


not 


According to the review given out by 


he Bureau Central de Statistique de Kristiania, the 
gures in 1000 tons of Norgesaltpeter in the years 
908-1910 are as follows: 
Country to which 
exported. 1908. 1909. 1910. 
ae 20.5 32 1.4 
PE 0606 ndeb denen 38 256 592.2 
Germany >,841 $,803 1,791 
 o66.6:kis deewkdeae 1,270 1,149 1,687 
Belgium ' enue ade ke 32 136 363 
Great Britain 619 2.530 4,900 
PRE cca eubeewevecenee 671 152 6835 
Rn ave eddweenandeare 55.6 7 168 
eee re 15 46 
lreland 250 200 
DS cichidaseenweesas 21.5 100 
Africa ee 5 12 ia 
Us, Bi OF AMOPICR 2c cccces 0.5 “* 149 
_ 8 re 2.2 10 
Australia 7 39.6 
Other countries 0.1 
Total ee, 9,365.7 13,530.83 
rhe total export in 1910, therefore, amounted to 
13,530 tons of saltpeter, of which Great Britain was 
the principal buyer, followed by Germany. All other 


countries use about one-half the amount 


exported to 





Great Britain and Germany. The price of Chile salt- 
peter has not yet been influenced by the importation 
of the air saltpeter.—The Journal of Industrial and 
Engineering Chemists. 
TABLE OF CONTENTS 
PAGE 
The Cannon Falls Hydro-electric Development .—2 illustra- 
tions 401 
rhe Psychology of Light By R. 8. Woodworth 402 
New Method of Testing Rails.—22 illustrations 403 
The Power Required to Cut Steel.—By P. V. Vernon 406 
Developing a Small Water Power Plant 407 
Cheddar Cheese Making By G. C. Sawyers 7 illtustra- 
WE s 6 000.6 whadeuns 0600600000 b60008 4 48-00 4epetenene 4108 
Skis ; Their Construction and Use.—6 illustrations... . iil 
The Sewer System of Havana.—By G. C. Scherec.—5 illus- 
trations 412 
Wheels, Ancient and Modern, and Their Manufacture.—By 
Henry L. Heathcote. 114 
Condiments and Stimulants 415 
Rules for the Gould Prize Competition............ 416 
PS Co SrehECeleeencbueeesnenesnseeusseeeeceeRes 416 









: 
' 





e ex 
reach 
bliged 
sacks 
ainar 
mean 


ecent 

has 
l £as, 
ecom 
g the 

rhe 
found 
appa 


ll be 


utions 

cent 
lat it 
1 into 


the 
entri 

veral 
found 


erted 


peter 
early 
e not 
ut by 
1, the 


years 


900 
683 
168 
16 
200 


L100 


149 


tation 


l and 








